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A PRACTICAL NUTRITION PROGRAM FOR PUERTO RICO 


Although it has long been known that 
nutrition is a major problem in Puerto Rico 
the extent and nature of that problem have 
been starkly revealed by the study of living 
conditions among Puerto Rican families (L. 
J. Roberts and R. L. Stefani, ‘Patterns of 
Living in Puerto Rican Families,” University 
of Puerto Rico, Rio Piedras, P. R. (1949)). 
This study shows that although a small pro- 
portion of families in the upper-income 
brackets enjoys a generous diet with ample 
quantities of meat, eggs, milk, and other 
staple and even luxury foods, from two- 
thirds to three-fourths of the families are 
subsisting on diets that are plainly inade- 
quate in some or all of the dietary essentials. 

The typical diet in these families consists 
largely of rice, beans, and viandas.* To these 
are added variable amounts of lard, sugar, 
and coffee for flavor, and a small amount of 
codfish when it can be afforded. The pro- 
tective foods—meat, milk, eggs, fresh vege- 
tables, and fruits—are meagerly used, and 
by the lowest-income families rarely if at all. 
This is shown by the following record for the 
44 per cent of Puerto Rican families whose 
annual incomes amount to less than $500. 
In this group: 88 per cent of the families 
average less than 2 cups of milk per person 
daily, 45 per cent have less than 1 cup, and 
19 per cent have none at all; 51 per cent 
practically never have eggs, and 33 per cent 
average only about 1 egg per person per 
week ; 32 per cent seldom or never have meat, 
and 33 per cent have it only about once a 
week; 97 per cent seldom or never have fowl. 

On the day when the diet records were 
taken: 73 per cent of families in this income 
group had no meat, fish, or fowl in the day’s 


* A term used to cover a group of starchy veg- 
etables or fruits, such as green bananas, green 
plantain, flame, yautia, breadfruit, white sweet 
potatoes, and yuca. 


321 


meals; 44 per cent had no bread; 96 per cent 
had no fruit; 88 per cent had neither fruit 
nor vegetable other than viandas. 

For breakfast: 51 per cent had only coffee; 
42 per cent had only coffee with viandas or 
bread; and 27 per cent had only black coffee. 

For lunch: 66 per cent had only rice, beans, 
or viandas, with or without a little codfish. 

For supper: 80 per cent had only rice and 
beans or viandas. 

It is readily seen that these diets are nota- 
bly lacking in good quality protein, calcium, 
riboflavin, and vitamin A, and are far from 
adequate in most other dietary essentials. 

The same types of deficiencies exist in the 
next income groups, but to a lesser degree, 
for with each advance in income the con- 
sumption of protective foods increases and 
as already noted—in the small top bracket, 
which comprises 8 per cent of all families, 
they are used in fair to good amounts by the 
majority of families. Even in this group, 
however, fresh vegetables and fruits are too 
often lacking. 

Inadequate incomes are indeed chiefly re- 
sponsible for the inadequate diets that pre- 
vail. Efforts to increase the incomes of the 
rank and file of families must therefore take 
first place among nutrition measures. A num- 
ber of governmental activities directed to- 
ward this end are under way, but it will be 
many years, if ever, before the situation can 
be fully resolved by this means. In the mean- 
time, programs for effecting improvement 
through education and other means are being 
developed. Such nutrition work is coordi- 
nated and given direction by the Puerto Rico 
Nutrition Committee, which is composed of 
representatives of all agencies that are in any 
way concerned with the nutrition problem. 
The main points of attack in this program 
are as follows: 

Increased Milk Consumption: The Dry 
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Skim Milk Campaign. The committee is be- 
hind every movement to increase consump- 
tion of milk whether it be through increased 
milk production or through better distribu- 
tion of milk to deficient areas. Its educational 
programs also emphasize the high nutritive 
ralue of milk in all forms, fresh, evaporated, 
or dried, and the desirability of using whole 
milk if it can be afforded. It is realized, how- 
ever, that with the low incomes that prevail 
the only hope of getting milk to the most 
deficient groups, especially in the rural zone, 
is through making available to them a cheap 
form of concentrated milk, such as dry skim 
milk. 

Accordingly, a program for introducing 
this milk was initiated during the past year. 
Two producers of the product cooperated by 
putting the milk on the market in quart- 
equivalent packages at a price about half 
that of any form of whole milk. Simultane- 
ously an educational program was launched 
by the Committee through its constituent 
agencies. A lecture-demonstration was pre- 
pared to teach what the milk is, its nutritive 
value and use, and how its loss of vitamin A 
‘an be compensated for by the greater use of 
calabaza or yellow sweet potatoes. Training 
meetings were held in strategic places in the 
Island to prepare home economists and other 
qualified persons to give the demonstrations. 
Over 400 persons have received such train- 
ing and they in turn have already given over 
a thousand demonstrations to more than 
40,000 housewives or other lay persons. In 
all cases the milk has been well received. 
Through the continuance of this program, 
together with the promotional efforts of the 
commercial groups, it is hoped that eventu- 
ally the product will be available in all small 
country stores, and be widely used in low- 
income families. 

More 
riboflavin, 


“Yellows and Greens.’ Aside from 
the vitamin most lacking in 
Puerto Rican diets of all economic levels is 
vitamin A. In all but upper-income homes 
butter and eggs are meagerly used, if at all, 
and at all income levels the vegetables used 
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are largely the white varieties. Education in 
the wider use of ‘‘yellows and greens’’ has 
thus been a major plank in the nutrition 
program. 

At present the Committee is putting its 
major efforts into a campaign to promote the 
greater use of calabaza (a type of squash or 
pumpkin, rich in carotene). This was selected 
as the line of least resistance for increasing 
the vitamin A content of the diets, because 
it is already liked and used in most homes, 
but in very small amounts. Agronomists 
have prepared directions for growing cala- 
baza, and nutritionists have prepared a film 
strip and accompanying script to teach the 
food value and economy of the calabaza, 
and to encourage the planting of it in yards, 
vacant lots, and along the roadsides. This 
program has the personal backing of the 
Commissioner of Agriculture and the 
Governor as well as all the agencies con- 
cerned, and will soon be spread through the 
Island by the same procedure as is used for 
dry skim milk. 

More and Better Quality Protein. Efforts 
to improve the amount and quality of pro- 
tein are being directed along several lines: 
(a) Increasing the use of milk, as described 
above; (b) encouraging the raising of rabbits. 
Many families that cannot keep chickens or 
pigs can find a place for housing rabbits, 
which can also be fed and cared for at little 
cost. Raising of rabbits is, therefore, a plank 
in the nutrition program. An intensive cam- 
paign similar to that for dry skim milk and 
calabaza will, however, be essential if this 
project is to be widely successful. (c) Pro- 
moting greater use of chick peas (garbanzos) 
and pigeon peas (gandules). It has been 
shown that the protein of chick peas is far 
superior to that of the red kidney, which is 
the type most used in Puerto Rico, being 
practically equivalent to that of soybeans. 
Both types are already liked and used to 
some extent. Efforts are therefore being made 
to induce families who can afford little or 
no meat, to increase their use of these higher 
quality legumes as one means of improving 
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their protein intake at little or no additional 
cost. Planting of hedges of pigeon peas is 
also urged for families who have any space 
for them. 

Improvement of Cereal Products. Although 
bread is not a major article of diet in low- 
income families, it seemed desirable that the 
bread which is used should be as nutritious 
as possible. Accordingly, the Nutrition Com- 
mittee sponsored legislation which resulted 
in the passage in May 1945 of a law requiring 
that all flour and flour products sold in 
Puerto Rico should be enriched according to 
standards prevailing in the States. Thus by 
this one step Puerto Rican diets have been 
improved in their content of thiamine, nia- 
cin, riboflavin, and iron to the extent that 
bread and flour products are used. 

But rice is the staple cereal in Puerto Rico, 
and often the only one used in many fam- 
ilies. The average daily per capita consump- 
tion is 6.6 oz. This provides about 660 
calories, or nearly one-third of the average 
calorie intake. The rice is of the white pol- 
ished variety. Some preliminary attempts to 
introduce parboiled rice indicated that it 
would be a long and difficult task—and prob- 
ably an unsuccessful one—to educate Puerto 
Ricans to accept this rice because of its 
changed color and texture, although children 
have come to accept it in school lunches. 

When a practical method became available 
for enrichment of rice without any change in 
color, taste, or texture, this seemed the ideal 
solution to the rice problem. As a start the 
enriched rice is being supplied to government 
institutions and as soon as an adequate and 
stable supply is assured, steps will be taken 
to secure legislation requiring that all rice 
sold in the Island be enriched or meet similar 
requirements. This will effect a significant 
improvement in the diets of the common 
people without the necessity of an educa- 
tional program. No difficulty is anticipated 
in securing the legislation since it has the 
support of the Governor and his cabinet. 

Increased Use of Native Fruits. Efforts are 
being made to teach the people the superior 


nutritive value and economy of their own 
native fruits and to increase wider use and 
production of them. Posters, demonstra- 
tions, and other educational materials are 
presented at professional meetings of physi- 
cians, nurses, and home economists, as well 
as to lay groups. Agricultural agents are pro- 
moting the planting of fruit trees around 
homes by supplying the trees and demon- 
strating how to plant and care for them. A 
project is also under way to foster the plant- 
ing of fruit trees along the roadsides in the 
Island so that free fruit may be available to 
people who might otherwise not have it. 
Emphasis is given to ones rich in vitamin C 
such as the guava, mango, and acerola (West 
Indian cherry). The success of this project 
lies largely in the hands of the several hun- 
dred camineros, or roadmen, who care for 
the roads of the Island. In a series of training 
courses recently held for these workers, they 
were taught the desirability of planting not 
only such fruit trees, but also breadfruit 
trees and yautia and calabaza. All these not 
only beautify the roadside but supply free 
food to people who have no land on which 
to grow it. 

Increased Home Food Production. As seen 
from the foregoing, the main hope for im- 
proving nutrition in Puerto Rico, especially 
of rural families, lies in the increased home 
production of food. Two-thirds of all families 
live in rural areas; yet only one-third of these 
families have a garden of any kind and rela- 
tively few of them keep meat- or milk-pro- 
ducing animals. Only by a drastic change in 
this situation can better nutrition be hoped 
for. The nutrition program, therefore, is pro- 
moting the planting of vegetable gardens, 
fruit trees, and hedges of pigeon peas, raising 
yellow varieties of viandas, especially vel- 
low sweet potatoes and calabaza, and 
keeping meat- and milk-producing animals 
when feasible. Although these points are 
already being emphasized, it will require a 
united and vigorous campaign by all agencies 
and workers concerned to effect these ends, 
for there is little tradition in Puerto Rico for 
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producing one’s own food. The calabaza proj- 
ect is the first step in this intensive campaign. 

The School-Lunch Program. One of the 
most effective nutrition measures in Puerto 
Rico is the school-lunch program. Adequate 
lunches are now being served daily to 200,000 
children in fifteen hundred schools. The large 
majority of these schools are in the rural 
zone. In these lunches the children have 
learned to drink any kind of milk that is 
served, to eat parboiled rice, dried eggs, 
chick peas, carrots, and all other foods served 
to them. The lunches thus afford not only 
direct nutritional improvement but also 
training in food habits that will carry over 
into the families from which they come. 

The Problem Ahead. 
directed along the right lines, and encourag- 
ing results can already be noted. Neverthe- 
less, in terms of the total problem, the 


Efforts are being 
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surface has as yet been only barely scratched. 
The encouraging angle is that high-ranking 
government officials are backing the program 
as well as the agencies concerned. Better 
nutrition for Puerto Rico was one plank in 
the Governor’s campaign platform and he is 
actively behind the various aspects of the 
program. The Commissioner of Agriculture 
Was an active member of the Nutrition Com- 
mittee before his appointment to his present 
post, and he continues to lend it his active 
support. With this type of backing and co- 
operation of all agencies concerned, it is 
hoped that a far-reaching effective program 
along the lines described will eventually show 
tangible results in improved nutrition in 
Puerto Rico. 

Lyp1a J. RoBERTs 

Universidad de Puerto Rico 


Rio Piedras, P. R. 


TOXICITY OF VITAMIN B,, 


The usefulness of vitamin By in the treat- 
ment of pernicious and certain other mac- 
rocytic anemias is now well established and 
its identity with the animal protein factor 
and with Castle’s extrinsic factor is highly 
probable. It is generally assumed that the 
vitamin is nontoxic even in amounts which 
might be considered large in view of its 
potency. A study by V. Traina (Arch. Path. 
49, 278 (1950)), however, does indicate a 
toxic action of massive doses of vitamin 
By. for mice. 

Forty albino mice with a median weight 
of 11 g. were studied. They were divided into 
four groups of 10 each. The first three groups 
received vitamin By intraperitoneally and 
the last group received it subcutaneously. 
All animals were given but a single injection 
of the vitamin. The first of these groups 
receiving the vitamin intraperitoneally was 
given 7.5 micrograms (0.7 mg. per kilogram), 
the second group Was given 15 micrograms 
(1.5 mg. per kilogram), and the third group 
was given 30 micrograms (3 mg. per kilo- 


gram). The final group was given 30 micro- 
grams (3 mg. per kilogram), subcutaneously. 

The first group of 10 animals, those re- 
ceiving the small dose, showed no signs of 
toxicity, and all lived. In the second group, 
with the intermediate dose of the vitamin, 
2 of the 10 died, their deaths being preceded 
by an excitatory state with convulsions. In 
both of the high dosage groups (subcutane- 
ous and intraperitoneal) all 10 animals died 
following an excitatory 
sions and cardiac and 


state with convul- 
respiratory failure. 
That these doses of vitamin By are massive 
may be seen by comparing them to equiva- 
lent amounts per kilogram given to man. 
The 30 microgram dose would be equivalent 
roughly to 180 mg. to a man weighing 60 kg. 
The minimal effective dose of vitamin By 
in pernicious anemia is approximately 1 to 
2 micrograms, hence the toxic dose would be 
roughly 100,000 times this amount. 

The author thought it possible that these 
reactions were allergic in nature although 
the animals had not been given vitamin By» 























1950) NUTRITION 


before. Studies were conducted on guinea 
pigs with several repeated small injections, 
followed by a period of waiting and then a 
test injection. No signs of hypersensitivity 


were observed in any of the 12 guinea pigs 
so treated. 

Postmortem examination of the mice that 
died showed little except congestion and 
edema of the lungs and slight congestion of 
the visceral organs. No other abnormalities 
were noted. 

It is unfortunate that a larger series of 
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studies was not made to determine the cause 
of the toxicity in the mice. Undoubtedly the 
manufacturers of this vitamin must have 
tested it repeatedly in experimental animals 
for possible toxicity even in large doses. Per- 
haps doses of this size were not used. It is 
also possible, of course, that it was not the 
vitamin itself but some foreign substance, 
present in small quantities in the vitamin 
preparation, which was toxic. Further stud- 
ies will certainly have to be made to elucidate 
this problem. 


UTILIZATION OF VARIOUS FORMS OF VITAMIN A 


Many factors which affect the biologic 
potency of vitamin A are known. Not only 
is the vitamin susceptible to destruction 
when stored in its natural form or as medici- 
nal concentrates, but there may also be de- 
struction in the intestinal tract prior to ab- 
sorption. The vehicle in which the vitamin 
is administered also seems to influence its 
efficient utilization. Aqueous dispersions are 
more efficiently utilized than oily solutions. 
Fats may interfere with absorption. Several 
disease states such as pancreatic fibrosis, 
celiac disease, and bile duct obstruction are 
usually accompanied by defective vitamin 
A absorption. There are several chemical 
forms of vitamin A, some of which are not 
efficiently utilized. Vitamin A esters must be 
hydrolyzed prior to absorption. The exact 
extent to which this reduces their rapid ab- 
sorption and efficient utilization is not en- 
tirely clear (Nutrition Reviews 3, 17 (1945); 
5, 17, 286 (1947); 6, 248, 281 (1948); 7, 205 
(1949)). 

EK. F. Week and F. J. Sevigne (J. Nutri- 
tion 40, 563 (1950)) investigated the relative 
potency of four different forms of vitamin 
A in man. Concentrates containing vitamin 
A principally as the alcohol, the acetate, or 
as natural esters were used. Two ester prep- 
arations, one obtained by high vacuum dis- 


tillation and one without use of this 


procedure were employed. All of the con- 
centrates were prepared in their own labora- 
tory from male soupfin shark liver oil. The 
exact methods of preparation and the purity 
of the products were not indicated, although 
each preparation apparently contained from 
94 to 99 per cent of the designated form of 
vitamin A. Each of these supplements was 
blended into commercial margarine to give 
a concentration of 134,000 micrograms of 
vitamin A per 50 g. of margarine. 
Twenty-five normal adults, 18 men and 
7 women, were given a 50 g. portion of the 
fortified margarine with their breakfast 
meal. Most, but not all, of the subjects were 
given each of the four vitamin A-margarine 
preparations at intervals of three to four 
days, the rotation of giving the test material 
being systematically varied. Blood samples 
were withdrawn at zero, two, four, five, six, 
eight, and twenty-four hours. The serum 
was analyzed for vitamin A and carotene. 
The vitamin A tolerance curves obtained 
were presumed to reflect the combination of 
factors affecting vitamin A stability, hydrol- 
ysis, and absorption, thus giving a com- 
parable measure of the relative utilization 
of each of the chemical forms. The level of 
vitamin A storage in the liver is not sup- 
posed to affect the tolerance curve so that 
the increased liver storage which undoubt- 
edly resulted from the repeated large doses 
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of vitamin A should not have affected sub- 
sequent tolerance curves. 

The data obtained were analyzed statisti- 
cally by several methods. There were signif- 
icant differences in the tolerance curves. In 
the male subjects, vitamin A alcohol was 
definitely superior, 7.e., it gave greater in- 
creases in serum vitamin A levels than any 
of the other forms of the vitamin. Vitamin 
A acetate was definitely superior to either 
of the forms of natural esters, the latter two 
being approximately equal. Since vitamin 
A alcohol is known to be less stable against 
destruction under most conditions, it can be 
assumed that the relatively less favorable 
results with vitamin A esters were due to 
limitations on hydrolysis in vivo of these 
esters. This may have been due to the large 
amount of fat fed with the vitamins. The 
women showed significantly less increase in 
serum vitamin A concentration after receiv- 
ing the various forms of vitamin A than did 
the men. Vitamin A alcohol again was su- 
perior to the acetate and to one of the ester 
preparations. The difference between the 
alcohol and the ester preparation obtained 
by high vacuum distillation was not signif- 
icant. The acetate and the other ester prep- 
aration were approximately The 
reason for the superior utilization of one of 
the ester preparations in the women, as 
compared to less favorable utilization in the 
men, is not evident. 


equal. 


Three male subjects were given vitamin 
A aleohol with and without simultaneous 
administration of 300 mg. of mixed tocoph- 
erols. Although the number of 
tions was too small to be significant, no 
especial difference was observed in the serum 
vitamin A levels with or without tocopherol. 
This is in contrast to the marked effect of 
tocopherol on carotene absorption and utili- 
zation (Nutrition Reviews 6, 281 (1948)). 
Two subjects were given vitamin A alcohol, 
acetate, and vacuum-distilled ester succes- 
sively, and the concentration of vitamin A 
alcohol and ester forms followed in the blood. 
Although the greater proportion of vitamin 
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A in the blood under normal conditions was 
in the form of the alcohol, the rise in blood 
vitamin A after the test doses was entirely 
in the ester form, regardless of the chemical 
form in which vitamin A was administered. 

These results seem to indicate clearly that 
vitamin A alcohol, under the conditions of 
their tests, had definitely greater biologic 
efficacy (greater increases in blood level) 
than other forms of vitamin A, and that the 
limitation on utilization of the other forms 
of vitamin A may well have been due to 
difficulties in rapid hydrolysis in vivo. How- 
ever, in attempting to evaluate the signif- 
icance of these observations, several factors 
must be kept in mind. It should be noted 
that despite the significant differences ob- 
served between the various forms of vitamin 
A, actually all of them were absorbed well, 
and the difference between the best and the 
worst preparation was not great from the 
practical standpoint. The dosage of vitamin 
A was large (134,000 micrograms). Whether 
similar results would be obtained with more 
physiologic doses is conjectural. Again from 
the practical standpoint, in recommending 
which form of vitamin A to use in nutritional 
supplements, one would have to balance the 
known greater instability of the alcohol 
against its more ready absorption as com- 
pared to the greater stability but slower ab- 
sorption of the esters. 

The conclusions drawn by Week and 
Sevigne are based on the validity of the 
assumption that the magnitude and dura- 
tion of the increase in serum vitamin A after 
oral dosage are a quantitative reflection of 
biologie efficacy or utilization. While the 
evidence favors this view, the assumption 
is not proved, particularly when working 
with patients having presumably normal 
liver vitamin A stores initially, and further 
receiving successive large doses of the vita- 
min. The vitamins were given in a large 
amount of fat, which may well have influ- 
enced the absorption and intestinal stability 
of some forms of the vitamin more than 
others. The vitamin preparations were not 
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pure. Whether one preparation may have 
contained impurities, not found in the 
others, which influenced stability or absorp- 
tion cannot be determined. 

Previous studies by E. F. Week and F. J. 
Sevigne (J. Nutrition 39, 233, 251 (1949)) 
and many others have shown that a great 
number of factors and substances are capa- 
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ble of altering the utilization of various 
forms of vitamin A. In one of their studies, 
using a rat liver storage test, Week and 
Sevigne showed that the apparent biologic 
potency of vitamin A natural esters could 
be varied from 59 to 105 per cent of that of 
vitamin A alcohol by altering the experi- 
mental conditions. 


EFFECT OF HIGH CALCIUM AND PHOSPHORUS FEEDING 
UPON BONE FORMATION IN THE RAT 


The effect of excess dietary calcium upon 
growth and bone formation and upon other 
pathologic changes in the rat has been re- 
peatedly studied and reviewed (Nutrition 
Reviews 5, 102 (1947)). Most of these studies 
have been in adolescent or adult animals and 
the histologic examinations of bone forma- 
tion have required decalcification, which 
limits the pathologic interpretation. 

M.S. Carttar, F. C. McLean, and M. R. 
Urist (Am. J. Path. 26, 307 (1950)) studied 
seven groups of rats weaned at 21 days on 
diets containing varying amounts of calcium 
and phosphorus. Using special histologic 
technics, decalcification of bones was unnec- 
essary and better interpretation of patho- 
logic changes was possible, the authors be- 
lieved. 

In general, the diets were either those 
previously described by Sherman or Bill or 
were composed of simple fox chow. The first 
diet used for a group of 40 rats was called 
“adequate” (Sherman) and contained 0.2 to 
0.42 per cent calcium and 0.4 to 0.43 per 
cent phosphorus, giving a calcium:phos- 
phorus ratio of 1:1 or 1:2. The second diet 
used for 48 rats was called ‘‘optimum” 
(Sherman), contained 0.64 to 1.44 per cent 
calcium, 0.4 to 1.06 per cent phosphorus, 
with a calcium: phosphorus ratio of 1:1 or 
2:1. The third diet used, in this case for 19 
rats, was the same as the ‘“‘optimum”’ diet 
except that it was higher in calcium, with a 
calcium: phosphorus ratio of 5:1. It con- 


tained 2 per cent calcium and 0.43 per cent 
phosphorus. Two high calcium, “rachito- 
genic” diets were then studied in two groups 
of 11 rats. The first of these contained 6 per 
cent calcium carbonate, giving a calcium of 
2.8 per cent and a phosphorus of 0.42 per 
cent and calcium:phosphorus ratio of 6.7: 1. 
The second high calcium “rachitogenic”’ diet 
contained 8 per cent calcium carbonate so 
that the calcium content was 3.6 per cent 
and the phosphorus 0.42 per cent with a cal- 
cium: phosphorus ratio of 8.6:1. The final 
diet, similar to the high calcium “rachito- 
genic”? but with phosphorus added, was com- 
posed of fox chow and contained 8 per cent 
calcium carbonate. The calcium content was 
4.64 per cent and that of phosphorus 1.06 
per cent—a calecium:phosphorus ratio of 
4.421. 

Although there was a great variation from 
animal to animal, and also a variation in the 
time during which the animals were given 
these diets, certain average observations 
were deduced from the data by the authors. 
Thus, generally speaking, the “optimum” 
diet furnished better bone growth and better 
weight gains than did the so-called ‘‘ade- 
quate” diet. For example, at four weeks, 
when the most pronounced changes were 
noted, the weight gain on the “‘adequate”’ 
diet was from 71 to 89 g. while that on the 
“optimum” diet was from 75 to 95 g. There 
was no difference in serum calcium, phos- 
phorus, and alkaline phosphatase between 
these two groups, but the percentage of ash 
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was higher in the “optimum” group, as was 
the length of the metaphysis, as determined 
by roentgen examination (from 0.5 to 1.5 
mm.). The density of the metaphysis was 
approximately 75 per cent of that of the cor- 
tex in animals receiving the ‘‘optimum?”’ diet, 
while in those receiving the ‘‘adequate” diet 
the metaphysis was only 25 per cent as dense 
as the cortex. Observations were made on 
the presence of osteoblasts and osteoclasts, 
and it was found that both cells were much 
less abundant in the bones of the animals 
fed the ‘“‘optimum”’ diet. 

When the diets of the animals contained 
more than 3 per cent calcium, with the nor- 
mal phosphorus content, that is, with a high 
calcium: phosphorus ratio, rickets was regu- 
larly observed. There 


was incomplete 


THE AMINO ACID FORMULA 


The amino acid analysis of proteins has 
been pursued for several decades. Efforts to 
obtain a complete picture of the amino acid 
composition of pure proteins have been par- 
ticularly numerous in the past few years. 
The underlying interest in these efforts can 
be best illustrated by a statement by H. B. 
Vickery (Ann. N. Y. Acad. 47, 63 


(1946)): “In recent vears there has arisen 


Sci. 


the conviction that not only the chemical 
properties of the proteins, but also many, if 
not all, of the physical properties, can be 
assigned a rational explanation in terms of 
the amino-acid composition, if this is suffi- 
ciently well known and can be correctly 
interpreted. In addition, when a protein has 
enzymological, immunological, or hormonal 
properties, the amino-acid composition may 
provide the basis of the function.”’ 
Attempts at establishing the ‘‘amino acid 
formulas” of a certain number of proteins 
have been reviewed by G. R. Tristram (Ad- 
vances in Protein Chemistry V, 83 (1949)). 
The objects of study have been salmine, a 
rather special protamine, insulin, edestin, 
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‘alcification of new bones, the zone of pro- 
visional calcification in the epiphysial plate 
Was seen, and a typical rachitic metaphysis 
developed. These animals had an increase in 
the serum calcium concentration of approxi- 
mately 1 mg. above that of the animals on 
“adequate” or “optimum” diets. When, how- 
ever, the phosphorus content of the diet was 
increased as well as the calcium, as in the 
last diet mentioned above, minimal or no 
rachitic deformity or abnormality of bone 
growth was observed. 

The authors believe, from these studies, 
that the high calcium content of the diet 
formed insoluble phosphorus compounds and 
withdrew phosphorus from the animal, ren- 
dering a typical phosphorus 
(“high caleium’’) rickets. 


deficiency 


OF AN ENZYME: LYSOZYME 


beta-lactoglobulin, ovalbumin, and hemo- 
globin, all molecules of considerable molec- 
ular weight. C. Fromageot and M. P. de 
Garilhe (Biochim. et biophys. acta 4, 509 
(1950)) have published the results of a pains- 
taking analysis of the amino acid composi- 
tion of an enzyme of relatively low molecular 
weight, namely, lysozyme. This protein is 
found in egg white and in the mucous secre- 
tions and fluids of a great many animal tis- 
sues. It presents important properties, par- 
ticularly the lysis of a variety of bacteria and 
the hydrolysis of certain bacterial mucoids 
and polysaccharides. The fact that its con- 
centration is increased in a variety of patho- 
logic conditions gives it additional clinical 
importance. Quantitative methods of study 
of these enzymatic properties are well es- 
tablished. These characteristics made this 
enzyme an ideal subject for an attempt at 
correlation between protein and enzyme 


chemistry. 

The Paris workers have been able to es- 
tablish the complete amino acid formula of 
lysozyme. The molecular weight is 14400. 
The molecule contains no phosphorus and 
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it was possible, after hydrochloric acid 
hydrolysis of the protein, to account for all 
191 atoms of nitrogen as constituents of the 
amino acids. The method used was that of 


repeated partition chromatography (C. 
Fromageot, M. Jutisz, and E. Lederer, Bio- 
chim. et biophys. acta 2, 487 (1948)). Hy- 
droxyproline was found to be completely 
absent from the molecule of lysozyme, as 
was cysteine, thus invalidating the postulates 
of earlier authors that the enzymatic activity 
of lysozyme must be dependent on the pres- 
ence of a sulfhydryl group. The number of 


€ 
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residues of all other eighteen amino acids 
present in the molecule was determined. It 
was Observed that serine and _ threonine, 
when bound in the molecule of lysozyme, 
exhibited a very remarkable lability. 

Such a complete investigation of the 
amino acid formula of enzyme molecules, 
coupled with structural physical studies and 
with investigations of the energetics of their 
reactions (cf. Nutrition Reviews 8, 287 
(1950)), bring us ever closer to an under- 
standing of the mechanism of enzymatic 
catalysis. 


PATHOLOGY OF TRYPTOPHAN DEFICIENCY IN THE RAT 


Because the acid hydrolysis of protein, 
‘vasein for example, causes an almost com- 
plete removal of tryptophan from the hy- 
drolysate, tryptophan deficiency has been 
repeatedly studied, and the failure to main- 
tain nitrogen balance with an acid hydrol- 
ysate of protein has long been known. In 
addition, tryptophan deficiency leads to cor- 
neal vascularization in rats which resembles 
that seen in ariboflavinosis but which occurs 
more rapidly (Nutrition Reviews 1, 327 
(1943)). Such vascular changes in the eyes 
of rats and guinea pigs have also been ob- 
served in other deficiencies, especially those 
of other amino acids, including lysine, me- 
thionine, and valine (/bid. 6, 180 (1948)). 
Further studies have indicated that trypto- 
phan deficiency (and deficiency of certain 
other amino acids) leads to a high urinary 
excretion of amino acids (Ibid. T, 44 (1949)). 
The ocular changes in riboflavin and trypto- 
phan deficiency have been reviewed (bid. 
7, 60 (1949)). 

F. B. Adamstone and H. Spector (Arch. 
Path. 49, 173 (1950)) noted in some of their 
previous studies of tryptophan-deficient 
rats that in addition to the lesions noted 
above, fatty livers were sometimes observed. 
To elucidate this phenomenon further, rats 
were studied for periods up to three weeks 
on an experimental diet in which the source 


of protein was acid-hydrolyzed casein. Ap- 
propriate mineral and vitamin supplements 
were given, and for control animals the diet 
was supplemented with 0.2 per cent 1-tryp- 
tophan. The studies were begun after the 
animals were 6 weeks of age. They were fed 
on Purina chow until that time. All animals 
were force fed to eliminate the possibility of 
inanition playing a part in the lesions found. 
Two animals were maintained on the stock 
diet to act as normal controls; 5 acted as 
controls for the purified diet by the addition 
of l-tryptophan; 12 were allowed to develop 
tryptophan deficiency, and in 3 of these a 
curative amount of tryptophan was added 
to the diet for seven days after ten days of 
tryptophan deficiency. 

The animals with tryptophan deficiency 
were killed at intervals up to the total of 
three weeks. Liver fats and liver-cell nu- 
cleoli and mitochondria were studied, and 
pathologie changes in other organs were 
searched for. Other pathologic lesions found 
were degeneration of seminiferous tubules, 
atrophy and degeneration of involuntary 
muscle, and the eve changes previously men- 


tioned. 

The 2 animals on the stock diet and the 5 
controls given tryptophan with the trypto- 
phan-deficient diet had essentially normal 
livers as far as fat, nucleoli, and mitochon- 
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concerned. The livers of the 
animals on the tryptophan-deficient diet be- 
came more and more fatty as the deficiency 
was prolonged. When tryptophan was fed as 
a curative procedure, there was a marked 
reduction in liver fat. After only two days 
of tryptophan deficiency, many of the liver 
cells contained only one large nucleolus in- 
stead of two or more small nucleoli as were 
seen in the normal and control animals. The 
addition of l-tryptophan to the diet of the 
deficient animals led again to an increase in 


dria were 


the number of nucleoli. There was a distinct 
change in the number, size, and shape of the 
mitochondria in the deficient animals in that 
they became less numerous and irregular in 
size with some large and some very small. 
Again there was a return toward normal 
when |-tryptophan was fed to the 3 deficient 
animals. 

Tryptophan deficiency led to a marked 
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degeneration of the seminiferous tubules 
with a formation of giant cells and definite 
early degeneration of primary spermato- 
cytes. Both involuntary visceral and cardiac 
muscles were involved in atrophy and de- 
generation of the muscular fibers. The in- 
voluntary muscle changes were seen in the 
gastrointestinal tract, urimary tract, blad- 
der, and uterus. There were no observable 
changes in voluntary muscle. Thickening 
and keratinization of the cornea, as had been 
noted previously (Nutrition Reviews, loc. cit.), 
were seen in the deficient animals in this 
series. 

These studies add considerably to our 
knowledge of the pathology of amino acid 
deficiencies and are of particular interest 
because of the appearance of fatty liver. It 
is becoming clear that fatty infiltration of 
the liver may arise from a number of nutri- 
tional deficiencies and now tryptophan de- 
ficiency must be added to this list. 


NUTRITIONAL MELALGIA 


S. Vernon (J. Am. Med. Assn. 143, 799 
(1950)) has called attention to a disabling 
illness of nutritional origin which is little 
known to most American physicians. Al- 
though the term nutritional melalgia was 
proposed only relatively recently (M. Glus- 
man, Am. J. Med. 3, 211 (1947); Nutrition 
Reviews 6, 10 (1948)), the disease has been 
known and described repeatedly since 1826 
under a variety of names including burning 
feet syndrome. It has been described as 
occurring principally in the Orient, although 
it apparently occurred in Madrid during the 
Spanish Civil War in 1937 and 1938. 

The disease first became important to 
American physicians during World War II 
when it was very common in prisoner-of-war 
camps in the Philippines, Japan, and else- 
where. R. E. Hibbs (Ann. Int. Med. 25, 27 
(1946)) states that 75 per cent of the inmates 
of the Cabanatuan (Philippines) Camp suf- 
fered from painful burning feet. The disease 


appeared after periods of prolonged dietary 
restriction and tended to subside when the 
diet improved. Following liberation and re- 
turn to a normal diet in 1945 the disease dis- 
appeared in most patients, but many com- 
plained of a susceptibility to recurrence 
following exposure or exertion. As long as 
four years later some men were still com- 
plaining of periodic recurrences and that 
physicians “did not understand” their con- 
dition. 7 

The disease was characterized by burning 
of the feet, aching, and pains shooting up 
the legs, especially if the feet were jarred. 
In the most severe cases there was some 
burning and numbness in the hands also. 
Pinkness and, at times, sweating were fre- 
quent signs. The pains and the ache were 
more severe at night and made sleep prac- 
tically impossible. Walking was difficult due 
to the pain. Muscle wasting, paralysis, and 
areflexia were not part of the syndrome. 
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Many of the patients seen by Vernon showed 
other symptoms of malnutrition such as 
glossitis, cheilosis, and scrotal dermatitis. 

At first the condition was thought to be 
dry beriberi, yet the patients did not show 
the wasting and paralysis of all four limbs 
without sensory symptoms as usually seen in 
severe polyneuritic beriberi. Thiamine ther- 
apy failed to produce convincing benefit 
and many complained of an aggravation of 
symptoms after receiving vitamin B,;. Other 
medications available at the Cabanatuan 
Camp also failed to improve the condition 
and it disappeared only after the general diet 
improved. C. Gopalan (Indian Med. Gaz. 81, 
22 (1946)) working with this syndrome in 
India found that calcium pantothenate pro- 
duced striking improvement in such patients. 
M. Peraita (Arch. f. Psychiat. 114, 611 
(1941); Nutrition Reviews 6, 27 (1948)) re- 
ported that a factor found in yeast was 
beneficial. G. F. Harrison (Lancet I, 96 
(1946)) observed the burning feet syndrome 
among prisoners-of-war in Hong Kong and 
found that amyl nitrite produced transient 
relief while massive doses of niacin produced 
relief for twenty-four hours. Harrison be- 
lieved that the beneficial action of niacin was 
due to its vasodilating effect. 

A peripheral vascular vasospastic element 
seems to be present in the disease not only 
because of the favorable action of vasodilat- 
ing agents, but Harrison’s patients also had 
an elevated diastolic blood pressure. Cold 
applied to the feet produced temporary re- 
lief, while heat exaggerated it. Gangrene of 
the toes apparently developed in the patients 
in some camps. 

Kinoshita (quoted by Vernon, loc. cit.), 
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pathologist at Osaka University, performed 
necropsies on Japanese soldiers who had had 
“burning feet’? and who later died of inter- 
current infections. There was definite thick- 
ening of blood vessel walls and narrowing or 
obliteration of the lumen of the small arteri- 
oles of the feet and legs. The peripheral 
nerves and spinal cord were normal. 

Little seems to be known about therapy 
after subsidence of the acute attacks in pa- 
tients who have periodic recurrence of pain 
in the feet. The disease has generally been 
described when it occurs in epidemic pro- 
portions. Little is known as to whether the 
disease occurs sporadically at other times 
or What percentage of the patients has re- 
current exacerbations after returning to a 
normal diet. 

The implication of malnutrition in the 
etiology of nutritional melalgia is based on 
purely circumstantial evidence, in that the 
disease appears only among groups on very 
restricted diets and largely disappears when 
a normal diet is consumed. However, there 
seems to be little doubt in the minds of those 
who have worked with the disease that it 
is nutritional in origin. Unfortunately it usu- 
ally appears under circumstances and at 
times when controlled observations are im- 
possible. The reports of the beneficial action 
of yeast and calcium pantothenate should 
certainly be investigated further. If con- 
firmed they would represent the first in- 
stance of pantothenic acid deficiency known 
in man and would also be of interest since 
nutrition, and more specifically pantothenic 
acid, would be implicated in the etiology of 
at least certain types of peripheral vascular 
disorders. 


ANTIBIOTICS AND COMPARATIVE NUTRITION 


P. Ehrlich (Lancet II, 445 (1913)) recog- 
nized that an effective chemotherapeutic 
agent must possess a marked differential 
toxicity for parasite and host, a property 
which he expressed by means of the chemo- 





therapeutic ratio. Modern antibiotics, as 
well as other chemotherapeutic agents, 
have been evaluated on this basis and only 
those demonstrating favorable ratios have 
been continued in general clinical practice 
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(A. Goldstein, New Engl. J. Med. 240, 98 
(1949)). 

In the case of most of these compounds, 
however, an understanding of their mode of 
action has followed their empirical clinical 
use by several years. From the point of view 
of the general physiologist, discovery of 
facts leading to identification of the mode of 
action of antibiotic agents with favorable 
chemotherapeutic ratios is important knowl- 
edge in comparative nutrition and biochem- 
istry. This is true because many antibiotics 
appear to function by virtue of their proper- 
ties as antimetabolites. If their site of action 
in the parasitic cell can be determined with 
certainty, it follows, within limits, that 
similar reactions are either absent in the 
host cell or catalyzed by enzymes of a dif- 
ferent nature or amount. 
available on the mode of action of the sul- 
fonamides, penicillin, and streptomycin, and 
the implications of these facts in the field of 
comparative nutrition will be summarized 
briefly. 

The introduction of prontosil by G., 
Domagk in 1935 (Deutsch. med. Wehnschr. 
61, 250 (1935)) was quickly followed by the 
trial and adoption of other sulfonamides as 
antibacterial agents. In 1940 D. D. Woods 
(Brit. J. Exp. Path. 21, 74 (1940)) proposed 
his hypothesis that sulfonamides inhibit 
bacterial growth by antagonizing the normal 
utilization of the chemically closely-related 
nutrient, para-aminobenzoic acid (PABA). 
The identification of PABA as a constituent 
of the folacin molecule (PGA) (R. B. 
Angier et al., Science 102, 227 (1945); Nutri- 
tion Reviews 4, 11, 15 (1946)) clarified the 
nature of the competitive reaction, and the 
studies of J. O. Lampen and M. J. Jones (./. 
Biol. Chem. 166, 435 (1946); Nutrition Re- 
views 5, 219 (1947)) confirmed the noncom- 
petitive nature of the antagonism between 
folacin sulfonamides in 


The facts now 


and susceptible 
organisms. Neither organisms that require 
preformed folacin nor those that have no 
requirement for folacin were found to be 
antagonized by sulfanilamide derivatives. 


REVIEWS 





| November 


The exact role of folacin in bacteria has 
not, as yet, been clearly shown, although it 
appears that this vitamin is concerned with 
the metabolism of nucleoproteins. W. H. 
Prusoff, L. J. Teply, and C. G. King (J. 
Biol. Chem. 176, 1309 (1948); Nutrition 
Reviews 7, 116 (1949)) found that desoxy- 
ribonucleic acid but not ribonucleic acid 
synthesis was reduced in folacin-deficient 
Lactobacillus casei. E. L. R. Stokstad (J. 
Biol. Chem. 139, 475 (1941)) reported, in 
addition, that thymine, a pyrimidine in- 
volved in the synthesis of nucleic acids, 
will partially replace folacin in L. case?. 
Since thymine will not replace folacin in 
rats (H. G. Petering and R. A. Delor, 
Science 110, 185 (1949)) or in man (T. D. 
Spies, C. F. Vilter, J. K. Cline, and W. B. 
Frommeyer, South. Med. J. 39, 269 (1946)) 
it is possible that the circumstance which 
confers a favorable chemotherapeutic ratio 
on the sulfonamides is a difference in the 
purine metabolism in bacterial and animal 
cells. 

Penicillin is a cyclic dimer of beta-di- 
methyl cysteine and alanine whose chemo- 
therapeutic ratio is enormous and unpar- 
alleled among modern chemotherapeutic 
agents. Discovered accidentally by A. Flem- 
ing (Brit. J. Exp. Path. 10, 226 (1929)) it was 
first applied clinically during World War II, 
although data on its mode of action have 
been obtained only in recent years. The 
fascinating experiments of E. F. Gale (Bull. 
Johns Hopkins Hosp. 83, 119 (1948)) have 
provided evidence on what appears to be 
the salient action of penicillin on gram- 
positive organisms. 

In the normal metabolism of these organ- 
isms free glutamic acid and lysine are as- 
similated from the medium through the 
activity of a magnesium ribonucleic acid- 
complex incorporated in the cell wall, which, 
in turn, is dependent for this process upon 
energy-producing reactions carried on in the 
protoplasm of the bactertum. Under these 


conditions glutamic acid and lysine are 


concentrated in the cell interior from which 























1950} NUTRITION 


pool they are utilized in protein synthesis 
and other reactions. If penicillin is added to 
growing cultures of susceptible gram-posi- 
tive organisms the metabolism of the ri- 
bonucleie acids is disrupted (L. Massart, 
G. Peeters, and A. VanHoucke, Experientia 
3, 494 (1947)) and the normal assimilation 
of glutamic acid is prevented. In the absence 
of adequate intracellular concentrations of 
this amino acid, protein synthesis is pre- 
vented and the cell dies. Combination of 
penicillin with constituents of the cell wall 
during growth seems to be essential for the 
action of this drug, since respiring non- 
growing cells are not affected. The key 
difference between the susceptible gram- 
positive organisms and nonsusceptible gram- 
negative bacteria and animal tissues appears 
to be that in the latter, glutamic acid is 
synthesized de novo intracellularly and 
does not have to be assimilated from the 
external environment. Differences in the 
amino acid metabolism of bacterium and 
host, therefore, provide the nutritional basis 
for the effectiveness of penicillin as an 
antibiotic. 

Streptomycin is a glycoside composed 
of glucosamine, streptobiose, which is a 
branched methylpentose, and a base, strepti- 
dine, which is a diguanidino-inositol. Discov- 
ered by 8S. A. Waksman in 1944 (Waksman, 
E. Bugie, and A. Schatz, Proc. Staff Meetings 
Mayo Clinic 19, 537 (1944)) this antibiotic is 
preferentially active against gram-negative 
and acid-fast organisms. In contrast to peni- 
cillin and sulfonamides, streptomycin is bac- 
tericidal to resting, respiring organisms as 
well as to growing cultures. A clue to its 
mode of action was reported by W. B. Geiger 
(Arch. Biochem. 15, 227 (1947)) who found 
that the vigorous oxidation of serine which 
followed exposure of Escherichia coli sus- 
pensions to fumarate was inhibited by 
streptomycin. This work was extended by 
W. W. Umbreit (/. Biol. Chem. 177, 703 
(1949)) who found that oxidation of threo- 
nine, as well as that of serine, was inhibited 
in £. coli under these conditions. In longer- 
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term experiments Umbreit discovered that 
oxidation of fumarate and pyruvate was 
also inhibited by streptomycin at approxi- 
mately the acetate stage and he concluded 
that in all probability streptomycin in- 
hibited the ‘‘terminal respiratory” reactions 
of both carbohydrates and amino acids. 

In a subsequent paper, E. L. Oginsky, 
P. H. Smith, and W. W. Umbreit (/. Bact. 
58, 747 (1949)) have extended these experi- 
ments to include a study of the effect of 
streptomycin upon the oxidation of oxalace- 
tic and acetic acids by E. coli suspensions. 
Since oxalacetic, but not acetic acid, oxida- 
tion was inhibited by this antibiotic, these 
workers favored the view that the “‘pyru- 
vate-oxalacetate’’ condensation rather than 
the metabolism of active acetate was the 
point of blockage in £. coli with streptomy- 
cin. If the formation of citric acid in EF. coli 
involved the condensation of pyruvate and 
oxalacetic acid to yield a 7-carbon precursor, 
this might be a point of difference between 
bacterial and animal metabolism, inasmuch 
as J. R. Stern and 8. Ochoa (J. Biol. Chem. 
179, 491 (1949)) have demonstrated citric 
acid synthesis from acetate and oxalacetate 
in the presence of liver extract and coenzyme 
A. This, however, is doubtful because G. D. 
Novelli and F. Lipmann (/bid. 182, 2/3 
(1950)) have demonstrated citrate synthesis 
from acetyl phosphate and oxalacetate in 
extracts of E. coli fortified with coenzyme A. 
It appears, therefore, that although the 
site of action of streptomycin is still some- 
what obscure, this antibiotic, in contrast 
to sulfanilamide and penicillin, which affect 
anabolic reactions, acts by blocking a respira- 
tory process. 

With regard to the effects of streptomycin 
upon acid-fast bacteria, E. L. Oginsky, 
P. H. Smith, and M. Solotorovsky (/. Bact. 
59, 29 (1950)) report that oxidation of the 
long-chain fatty acids in the avian tubercle 
bacillus is inhibited by streptomycin. In 
view of the closeness with which both 
streptomycin and coenzyme A appear to be 
concerned with the metabolism of Cy», frag- 
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ments, it might be of interest to study the 
effects of streptomycin upon the activity of 
coenzyme A in various coenzyme A-depend- 
ent reactions. 

Even though studies of the mode of action 
of the antibiotics discussed in this review 
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were instituted some years after the agent 
was employed in clinical practice, it seems 
reasonable that studies of the comparative 
nutrition of parasite and host cells might 
profitably be undertaken in order to discover 
new antibiotic agents of great effectiveness. 


NUTRITIONAL REQUIREMENTS IN INDIA 


A considerable amount of interesting and 
useful information has been derived from 
nutritional studies in India. For example, 
it was shown by nitrogen balance studies 
that, within limits, the more varied the 
cereal content of the diet, the better the 
biologic value (Nutrition Reviews 7, 252 
(1949)). Moreover, because diets in India 
are usually composed of vegetable protein, 
the addition of cow’s milk curd and soybean 
milk curd was likewise 
studied. In this instance it was found that no 
difference in these two sources of protein 


to the basic diet 


could be observed when they were used as 
supplements. 

The possibility that the nutritional re- 
quirements of the people of India might 
differ from those of other countries, for 
example, England and the United States, 
has also been a subject of extensive inves- 
tigation by the Indian nutrition groups. 
The early studies were concerned with 
protein metabolism (Kx. P. Basu and M. N. 
Basak, Indian J. Med. Res. 27, 115 (1939)). 
Two healthy young men (laboratory work- 
ers) weighing 49 kg. each were maintained 
on careful and complete nitrogen balance 
studies. To begin with, both men were 
maintained on virtually nitrogen-free diets 
and the minimal urinary nitrogen excretion 
was 1.499 g. and 2.302 g. The fecal nitrogen 
turned out to be equivalent to 0.05 and 
0.07 g. per kilogram of body weight, respec- 
tively. In this way the minimum loss was 
calculated to be 22 and 30 g. of protein, 
respectively, that is, a mean of 26 g. which 
compares favorably with standards from 
other countries. 


The maintenance requirement of nitrogen 
(that is, the minimum protein nitrogen for 
nitrogen equilibrium) was then studied by 
increasing the protein content of the diet. 
The diets used furnished most of their pro- 
tein from either rice or atta (whole wheat) 
and also contained sago, vegetables, pulses, 
sugar, fat, and one lemon daily. The mini- 
mum protein necessary for nitrogen equilib- 
rium in the 2 individuals was found to be 
26.3 and 37.6 g. on the rice diet and 34.7 
and 42 g. on the whole wheat diet. The reason 
for the fairly marked variation between these 
2 individuals was not explained. Further 
discussion indicated that the diet of most 
of the poor Indian rice eaters furnished 
approximately 54 g. of protein per day. 
Using the figures obtained from their two 
laboratory workers, this was thought to be 
more than sufficient protein for nitrogen 
balance but to be well below the 50 per cent 
margin suggested by Sherman and others. 
Similar statements were made with regard 
to wheat. At the end of the studies on each 
of these 2 individuals the caloric intake 
which had been maintained at 3000 during 
the entire study was increased to 4000 for 
a few days by the administration of sugar. 
The authors noted that there was an in- 
creased retention of nitrogen even though 
nitrogen equilibrium had been easily main- 
tained on the 3000 calorie diet. 

K. P. Basu and M. N. Basak (Indian J. 
Med. Res. 29, 105 (1941)) continued their 
studies of protein metabolism and included 
calcium and phosphorus studies as well. In 
this case 5 healthy adults between the ages of 
19 and 28 years were maintained on a pro- 
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tein-free diet for six to nine days each, and 
then the diet was supplemented with 10 oz. 
of cow’s milk furnishing 8 g. of protein for 
six days. The three diets were: (1) a rice 
diet with addition of fish, pulses, and vege- 
tables furnishing 76 g. of protein and re- 
sembling the diet common to the Bengal 
and Assam; (2) a vegetable-rice diet furnish- 
ing 53 g. of protein and composed chiefly of 
pulses and vegetables as well as rice, in- 
digenous to Orissa, Madras, and Mysore; 
(3) a diet furnishing 82 g. of protein from 
atta (whole wheat) with pulses and vege- 
tables, resembling the food consumed in the 
Punjab. All diets were said to be adequate in 
calories. These previously healthy indi- 
viduals were in positive nitrogen balance on 
these diets and the nitrogen retention was 
augmented slightly by addition of the extra 
protein in the form of milk. The authors con- 
clude from this study that these diets, 
representative of fairly large areas in India, 
contain sufficient protein and therefore that 
protein is not a nutritional problem in 
India. The question may be raised as to 
whether nitrogen balance studies of short 
duration are sufficient for the general 
conclusion that protein is not a paramount 
problem in India. 

The same individuals were studied with 
regard to calcium balance and the minimum 
calcium requirement for maintenance of 
balance. Thirty-six metabolic experiments 
were conducted and it was found that the 
requirements for maintenance averaged 
0.432 g. per day. Calculation and analysis 
of the diets representative of the areas 
noted above indicated that all were too low 
in calcium to meet this maintenance require- 
| ment. Thus the rice-fish diet contained but 
234 mg., the vegetable-rice diet 200 mg., 

and the atta or wheat diet 300 mg. per day. 
Therefore, negative calcium balance could 








; be expected unless milk was given. All of the 
1 diets appeared to be adequate with regard to 
1 phosphorus, that is, positive phosphorus 
f balance was maintained throughout and 


averaged +397 mg. per day. 
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The studies were then enlarged to include 
ascorbie acid (H. N. De and C. H. Chak- 
ravorty, Indian J. Med. Res. 36, 249 (1948)). 
Five subjects were studied on restricted 
diets consisting of rice, fish, vegetables, dhal, 
and milk, furnishing between 10.4 and 
13.8 mg. of ascorbic acid per day as de- 
termined by indophenol titration. Each 
individual was then given 200 mg. of vitamin 
C by mouth, daily for four days. On the 
fifth day, 400 mg. were administered and if 
the twenty-four-hour excretion of ascorbic 
acid was greater than 50 per cent of the 
administered, the individuals 
considered to be ‘‘saturated.’’ Following this, 


dose were 
100 mg. of ascorbic acid were given daily 
for six days, the test with 400 mg. was 
repeated, and then the dose of ascorbic acid 
was reduced to 75 mg. and 85 mg. daily in 
two more experimental periods. It was found 
that the 200 mg. of ascorbic acid daily for 
four days did not saturate the individuals 
but that they became saturated on 100 mg. 
a day. Reducing the intake to 75 mg. a day 
led to only one individual being saturated 
while 2 were saturated at the 85 mg. dose 
level. 

The authors calculated from these data 
that between 1.6 and 2.0 mg. of ascorbic acid 
per kilogram of body weight were required 
by the 5 Indian subjects on this diet. This 
figure is, of course, far higher than the 
optimum allowance suggested by the Food 
and Nutrition Board of the National Re- 
search Council (Vutrition Reviews 6, 319 
(1948)). It is doubtful whether one should 
accept criterion for an 
optimum allowance, certainly not for re- 
quirement. Moreover, the result of the test 
of saturation is a little unusual as described 
by the authors, since most investigators 


saturation as a 


have found that with comparable doses of 
ascorbic acid, saturation occurs when 80 
to 90 per cent of the ascorbic acid is excreted 
in the urine. 

Additional studies of a similar nature were 
conducted with respect to niacin metabolism 
in Indians (H. N. De and K. C. Banerjee, 
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Indian J. Med. Res. 36, 335 (1948)). Again 
5 normal adults were studied on a rice diet 
consisting of between 550 and 600 g. of rice, 
70 g. of dhal, 50 g. of fish, 200 g. of vege- 
tables, and 30 g. of oil. Seven days were 
allowed on this basal diet for equilibration 
and then 500 mg. of niacinamide were given 
daily for four days. The basal diet was 
calculated to furnish between 7.2 and 9.6 
mg. of niacin per day. The urinary excretion 
of niacin and some of its metabolites was 
studied (niacin, the amide, nicotinurie acid, 
and trigonelline). On the basal diet the 
average excretion of the sum of these sub- 
stances expressed as niacin was 5.9. 

During the period of niacin administration 
the mean excretion of the test dose amounted 
to 111.5 mg. a day or 21.2 per cent increased 
excretion due to the additional niacin admin- 
istered. The authors refer to the studies of 
A. P. Briggs, S. A. Singal, and V. P. 
Sydenstricker (J. Nutrition 29, 331 (1945)) 
and note that according to the definition 
given by these authors of the quantity of a 
test dose of niacin to be excreted in the urine 
in nondeficient individuals, none of these 5 
Indians deficient. The authors con- 
cluded, therefore, that these diets were not 
deficient in niacin. 


Was 
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The same adults were then studied on 
varying intakes of niacin after a control 
period of eight days on the basal diet. Each 
eight days subsequently, increasing amounts 
of niacin were added to the diet to furnish 
50, 100, 300, 400, and 500 mg. daily. When 
50 mg. were furnished, but 7.3 per cent of 
the intake was excreted; with 100 mg., the 
percentage was 14.7; with 300 mg., 21.0; 
with 400 mg., 22.1; and with 500 mg., 21.2, 
in agreement with the previous study. The 
authors observed that there was no increase 
in excretion above 300 mg. daily, indicating, 
they suggest, that the individuals became 
saturated at approximately the 300 mg. 
level. 

No specific conclusions or recommenda- 
tions were derived from these studies of 
niacin metabolism except, as noted above, 
that the basal diet not deficient in 
niacin as defined by this particular test. 
The quantity of niacin furnished by these 
diets is distinctly below that recommended 
by the Food and Nutrition Board of the 
National Research Council (loc. cit.). One 
wonders what the tryptophan content of the 
diet is and whether this amino acid may 
furnish additional quantities of niacin if 
needed. 


Was 


ENVIRONMENTAL TEMPERATURE AND THE RIBOFLAVIN REQUIREMENT 
OF PIGS 


The influence of environmental tempera- 
ture on the vitamin requirements of animals 
was studied by C. A. Mills and his co-workers 


several years ago (Nutrition Reviews 1, 
283, 426 (1943); 2, 127 (1944)). These 
workers concluded that an environment 


simulating a tropical climate increased the 
requirements of rats for thiamine and choline 
but had no influence on the requirement for 
other vitamins. In a later study (/bid. 6, 
46 (1948)) the same group of workers re- 
ported that chicks have a higher thiamine 
requirement at 90°F. than at 70°F., but 


that the choline 


influenced. 


requirement was not 

The results of Mills and associates have 
been criticized because they reported their 
results in terms of quantity of vitamin re- 
quired per unit of feed, the feed being 
supplied ad libitum. They have defended 
their experimental approach with the argu- 
ment. that, in practice, vitamins are nor- 
mally ingested with the food, and intake of 
them would thus be affected by all factors 
that influence the amount 
If, for example, an 


of food eaten. 


animal reduces its food 
intake as a result of tropical heat, and it can 
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then be demonstrated that under such 
conditions increased dietary concentrations 
of certain vitamins are needed to maintain 
normal nutrition, then such an experimental 
approach can obviously not be denied a place 
in nutrition studies. 

C. A. Mills (Arch. Biochem. 2, 159 (1943)) 
concluded that rats kept in an environmen- 
tal temperature of 90 to 91°F. required the 
same concentration of riboflavin in their 
diet for maximum growth (2 mg. per kilo- 
gram of diet), as did rats kept in an environ- 
mental temperature of 68°F. Since the rats 
kept at 68°F. consumed considerably more 
food than those kept in the hot environment, 
it could be said that the daily vitamin need 
was increased by the cooler environment. 
Extending this argument, one might reason, 
then, that a tropical environment reduces 
the daily riboflavin need below the level 
required under temperate environmental 
conditions. 

Whether a vitamin requirement should be 
expressed in terms of body weight or in terms 
of its concentration in the food is dependent 
upon whether the quantity of food eaten will 
influence the needs of the vitamin in ques- 
tion. Vitamins, such as thiamine and ribo- 
flavin, are known to function in the body in 
the liberation of food energy. Hence it may 
seem rational that their requirement should 
be proportional to the amount of nutrients 
oxidized by the body. For this reason, it is 
generally held that their requirement should 
be expressed in terms of concentration in the 
diet. 

There have been other approaches to the 
problem of environmental temperature in- 
fluences on vitamin requirements. It has 
been observed, for example, that in hot 
weather the urinary excretion of thiamine is 
increased, indicating a lower requirement 
(Nutrition Reviews 1, 264 (1943)). It has 
also been reported that a given dose of 
thiamine will protect thiamine-depleted rats 
from symptoms of polyneuritis for a longer 
period in a room at 85°F. than in a room at 
78°F. (Ibid. 3, 187 (1945)). This result would 
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indicate a reduced thiamine need in a hot 
environment, thus contradicting the view- 
point held by Mills. 

H. H. Mitchell, B. C. Johnson, T. 8. 
Hamilton, and W. T. Haines of the Uni- 
versity of Illinois (J. Nutrition 41, 317 
(1950)) have questioned Mills’ conclusion 
that environmental temperature differences 
do not influence the riboflavin requirement. 

In some preliminary experiments on 11 
pigs weighing from 120 to 260 pounds they 
noted that the urinary output of riboflavin 
was greater in a hot environment than in a 
cold environment. Assuming that urinary 
output of riboflavin is a spill-over above 
current needs, this result suggested, although 
did not prove, that the requirement for 
riboflavin was smaller in the heat than in the 
cold. These preliminary observations were 
extended into some more extensive studies 
with weanling pigs. The results of two 
experiments were reported, each involving 8 
pigs, 2 to 2.5 months of age at the start of the 
experiment. 

In Experiment I, the pigs, all castrated 
Duroe-Jersey males, were maintained for 
approximately ten weeks in a chamber kept 
at a temperature of 85°F. and a relative 
humidity of 50 per cent. In Experiment II, 
4 male and 4 female Hampshire pigs, all 
from the same litter, were kept in a chamber 
maintained at a temperature of 42°F. and a 
relative humidity of 70 per cent. The first 
experiment extended from May to July in 
1948 and the second experiment from Jan- 
uary to March 1949. The pigs were fed in 
individual crates and the food intakes of all 
pigs in an experiment were equalized to the 
intake of the pig consuming the least, until 
those receiving the lower levels of riboflavin 
showed signs of deficiency. From then on 
unaffected pigs were not restricted in food 
consumption to that of the deficient pigs. 

The diet used consisted of: glucose 28.75, 
starch 28.75, rolled oats 10, vitamin-free 
casein 20, riboflavin-free vitaminized starch 
5, sodium chloride 1, limestone 1, bone meal 
1, cod liver oil 1.5, salt mixture (calcium-free) 
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1, and wood flock 2 per cent. The vitamin- 
ized starch contained, per kilogram, 50 mg. 
ach of thiamine and pyridoxine, 400 mg. of 
calcium pantothenate, 200 mg. of niacin- 
amide, 1 g. of para-aminobenzoic acid, 2 g. 
of inositol, and 20 g. of Merck’s dry-mix 
choline. By analysis the diet was found to 
contain 2 to 4 micrograms of riboflavin per 
gram. In both experiments the pigs were fed 
the above diet for three weeks, after which 
they received graded doses of riboflavin, one 
pig in each experiment being continued on 
the depletion diet. 

The most sensitive index of riboflavin de- 
ficiency observed was an increased concen- 
tration of neutrophils in the blood and also 
an increase in the percentage of the neu- 
trophils in the total leucocytes. Using this 
index as a measure of riboflavin require- 
ment, the pigs kept at the high environmen- 
tal temperature (85°F. and 50 per cent 
relative humidity) required somewhat less 
than 1.2 mg. of riboflavin per kilogram of 
diet, contrasted with a requirement of 
approximately 2.3 mg. per kilogram for the 
pigs at the low environmental temperature 
(42°F. and 70 per cent relative humidity). 
Judged by body weight gains, the critical 
level of riboflavin at the high environmental 
temperature was 1.2 (or possibly somewhat 
less) mg. per kilogram of diet, and was 
somewhere between 1.3 and 1.8 mg. per 
kilogram of diet at the low environmental 
temperature. The ratio of water to food 
consumed on both experiments was the 
same, 7.e., 4:1. 

Discounting the animals with signs of ribo- 
flavin deficiency, practically the same growth 
rate (0.8 pound per pig daily) and the same 
feed economy of gain (approximately 2.6 
pounds of food required per pound of gain) 
were maintained in the pigs in the two ex- 
periments. The pigs in the cold climate con- 
sumed 4 per cent of their body weight in 
whereas the warm climate 
consumed 2.5 per cent of their body weight 
in food. The average rectal temperature of 
the pigs in the cold environment was 102.8°F. 


food those in 
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compared with 104.1°F. for pigs in the hot 
environment. 

A critical analysis of the experimental 
procedure and the data presented would 
lead one to question their value. The two 
experiments were conducted at two dif- 
ferent seasons, the cold climate experiment 
in the winter and the warm-climate experi- 
ment in the spring and summer. Eight cas- 
trated Duroc-Jersey male pigs were used in 
one study (warm climate) while 8 Hamp- 
shires, 4 males and 4 females, were used 
in the other (cold climate). Whether the 
males in the latter study were castrated was 
not stated. 

In the cold-climate study the experiment 
was delayed for a period of forty days fol- 
lowing the initial three-week depletion 
period on the riboflavin-low diet because the 
pigs made poor gains, apparently due to 
intestinal worm infestations since dosage 
with sodium fluoride corrected this condi- 
tion. Initial weight of the pigs in the warm- 
climate study ranged from 55 to 61 pounds. 
Three of the pigs in the warm-climate experi- 
ment suffered from intestinal infection and 
were treated with sulfasuxidine during the 
course of the experiment. The initial weight 
of the pigs in the cold-climate study was not 
given. However, in the cold-climate study, 
after three weeks on the riboflavin depletion 
diet and forty days on varying levels of 
riboflavin, they weighed only 32 to 38 
pounds. From the data presented, it is ap- 
parent that they must have weighed less 
than 32 to 38 pounds initially, since it was 
stated that after treatment with sodium 
fluoride they “‘gained in weight at a more 
rapid rate.” 

It is thus difficult to see how the pigs used 
in these two experiments could be considered 
as having been obtained from the same popu- 
lation. Furthermore, treatments within a 
study were not limited to dietary riboflavin 
variations alone, but involved sodium fluo- 
ride dosage in one experiment and sulfa- 
suxidine dosage in some pigs in the other. 

One of the very important questions left 
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unanswered by these studies is whether, 
under the same environmental temperature 
conditions, pigs with a body weight of ap- 
proximately 30 or 35 pounds have the same 
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riboflavin requirement, expressed either in 
terms of body weight or in terms of concen- 
tration in diet, as pigs with a body weight 
of 55 to 60 pounds. 


BERIBERI IN JAPAN 


The incidence of beriberi in the countries 
in which the disease is most likely to occur, 
that is, the rice-eating lands, is often difficult 
to obtain. It is thus a pleasure to review an 
article from Japan by Kk. Yanagi and co- 
workers (J. Nutrition (Japan) 7, 17 (1949)). 
The study was conducted because of an 


és 


70 per cent polished”’ rice in which the re- 
mainder of the bran and the germ was left 
on most of the kernels, was widely used and, 
in fact, from 1939 to 1945 became by decree 
the only rice available. Following the end of 
the war in 1945, the decree lapsed and 
polished rice again appeared in large quanti- 
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Fic. 1. MorTALITY FROM BERIBERI IN JAPAN 


- 


apparent rise in the incidence of beriberi in 
Japan since the war. 

Beriberi became prevalent in Japan in the 
Genroku Era (1688-1704), although it was 
apparently absent in earlier centuries. Its 
appearance coincided with the introduction 
of rice polishing. During the Sino-Japanese 
and Russo-Japanese Wars there was a 
marked increase in the incidence of beriberi, 
but following modern knowledge of nutri- 
tion, especially the discovery and synthesis 
of thiamine, a steady and marked decline in 
the incidence of this disease occurred. During 
the war with China “germ rice,” that is, 
grain milled to an almost white condition 
but retaining the germ in the kernel, or 


ties, although the Japanese government con- 
tinued to enforce the regulation for rice 
distributed as relief. Except for the increased 
use of polished rice, the food supply generally 
improved after termination of the war. 
The mortality rate from beriberi in Japan 
since 1899 is plotted in Fig. 1. The use of 
“germ rice’? was publicly recommended in 
May 1927, and was quickly accepted. It is 
clear from the chart that coincident with 
this there was a steady decline in the inci- 
dence of beriberi, although it could be that 
the decline was imminent in view of the 
rapidly falling curve between 1923 and 1925. 
The authors then comment upon the in- 
crease in the incidence of beriberi between 
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1943 and 1947 but fail to mention the 
apparent decline again in 1948 (Fig. 1). 
Although from the viewpoint of mortality 
statistics (Fig. 1) there does not seem to be a 
striking increase in the incidence of beriberi, 
at least according to the 1948 figures, the 
authors did find a striking increase, espe- 
cially among certain population groups as 
revealed by nutrition surveys. Pursuant to a 
directive issued by the Headquarters of the 
Allied Army of Occupation in Japan, the 
Nutrition of the Public Health 
Bureau of the Department of Welfare con- 


Division 
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years, 1946, 1947, and 1948, as determined 
by these criteria is plotted in Fig. 2. It is 
noted that the number of cases increased in 
the hot summer months and declined again 
in the months from November to 
February. The farming group appeared to 
have the lowest 


cold 


incidence of beriberi al- 
though there was a gradual decline in inci- 
dence in the urban population. Coal miners 
and railroad workers were observed to have 
a higher incidence than the others and also 
to have a definite upward trend, particularly 
in the second and third years of study. 
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Fic. 2. INCIDENCE OF 


ducted nationwide surveys of the dietary 
conditions and nutritional status of the 
people of Japan since December 1945. The 
surveys were carried out four times annually 
and included tens of thousands of people 
representing all sections of the population 
in different From data the 
authors selected the symptoms of retarded 
pulse and absence of the patellar reflexes as 
attributable to thiamine deficiency. Of these 
two, they considered that the loss of patellar 


areas. these 


reflex, except in diabetic and neurosyphilitic 
cases, Was positively attributable to thia- 
mine deficiency. 

The 


incidence of beriberi in the three 
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Extra rations of rice, well polished, were 
allowed for hard labor. 

Analyses of the vitamin consumption 
during these three years, calculated from the 
nutrition surveys made and based upon a 
70 per cent polished rice, revealed a mean 
daily intake of 1.65 mg. of thiamine with a 
range from 1.36 to 1.95. It may be noted 
that it was estimated also that the individu- 
als consumed an average of 3825 1. vu. of 
vitamin A, 0.68 mg. of riboflavin, and 153 
mg. of ascorbic acid. These dietary calcula- 
in urban and rural 
areas and gave substantially similar values. 


tions were carried out 


The average of 153 mg. of aseorbie acid 
£ 
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daily represented a range from 104 to 255. 
This high intake, considering the quantity 
of rice eaten by the Japanese and the mini- 
mal quantities of fresh citrus and similar 
foods, makes these figures very doubtful, 
especially since the 255 mg. intake occurred 


of November. To return to 
thiamine, the authors note that the esti- 
mated intake of this vitamin is probably 
high since it is based on 70 per cent polished 


in the month 


rice which was not consumed in many areas 
that used the polished rice. This together 
with a 40 per cent loss in cooking was 
thought actually to reduce the intake well 
below 1 mg. daily. 

Because of the apparent rise in incidence 
of beriberi and the low dietary intake as 
revealed by these figures, the authors believe 
that 
mend that the intake of thiamine be in- 


a serious situation exists and recom- 


creased by about 0.5 mg. daily, preferably 
by a restriction on rice polishing so as to 
retain about 200 micrograms of thiamine 
per 100 g. of rice. 

Certainly there has been a striking de- 
crease in beriberi in Japan, presumably due 
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in part to the use of less polished rice and 
the ‘“‘germ rice.’?’ However, the data do not 
necessarily indicate an increase in beriberi 
subsequent to the end of hostilities in 1945. 
It is well known that dietary surveys are 
difficult to evaluate and may be grossly in- 
accurate. Moreover, it is extremely doubtful 
whether the absence of patellar reflexes can 
be used as an accurate sign of the incidence 
of beriberi. The variations in the ability to 
elicit this reflex from observer to observer is 
but one of the many factors which make 
diagnoses from this one sign alone invalid. 
This is not to say that the recommendation 
of the authors that an increased daily al- 
lowance of thiamine be provided for the 
people of Japan is not an admirable one. 
Even if the data presented by the authors 
do not entirely support their conclusions, 
the present knowledge of nutrition would 
indicate that those living on a marginal 
diet, particularly one composed to a large 
extent of polished rice, should have a com- 
plementary source of thiamine, either by 
fortification of the rice, as has been accom- 
plished in areas in the Philippines, or by 
recommending decreased polishing. 


SERUM CHOLESTEROL LEVELS IN HUMAN BEINGS FED EGG YOLK AND 
CHOLESTEROL 


Arteriosclerosis has been produced in ex- 
perimental animals by feeding large quanti- 
ties of cholesterol (Nutrition Reviews 6, 99 
(1948); 8, 74 (1950)). These observations 
provide an avenue of approach to the study 
of the naturally-occurring disease in man. 
Various attempts have been made to increase 
concentrations of cholesterol in blood serum 
of human beings by ingestion of diets high 
in cholesterol. In nearly all instances these 
attempts have failed or have been difficult 
of interpretation. W. J. Messinger, Y. 
Porosowska, and J. M. Steele (Arch. Int. 
Med. 86, 189 (1950)) report experiments 
which concern the effect of dietary supple- 
ments of powdered egg yolk or cholesterol 


on serum cholesterol concentrations. The re- 
sults of these experiments are of interest be- 
cause the feeding of egg yolk powder was 
followed by an increase in serum cholesterol, 
whereas feeding of cholesterol produced no 
change in serum levels. 

The subjects in these experiments were 
15 men and 4 women from 46 to 69 years of 
age. Many were known to have arterio- 
sclerosis of considerable degree. All consumed 
a hospital diet providing, on an average, 70 
g. of fat daily. The concentration of choles- 
terol in blood serum 
weekly intervals during feeding experiments 
and control periods. It is presumed that 
specimens of blood were taken with subjects 


was determined at 
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in the fasting state, but this is not specifically 
recorded in the paper. 

In two experiments a total of 10 subjects 
were given 150 g. of egg yolk powder emulsi- 
fied in 400 ml. of milk daily as a dietary 
supplement for forty-two days. In this 
group of subjects concentrations of serum 
cholesterol varied from 160 to 313 mg. per 
100 ml. during a control period of observa- 
tion. In each subject the serum cholesterol 
was observed to increase with ingestion of 
the egg yolk powder. The average serum 
cholesterol in the 10 subjects during the 
control period was 210 mg. per 100 ml. and 
237 mg. per 100 ml. during the experimental 
period. The average increase was 27 mg. 
cholesterol per 100 ml. serum or 12.5 per 
cent of the average value during the control 
period. The authors apparently accept this 
as a significant increase. Each subject did 
have a higher average concentration of 
cholesterol during feeding of powdered egg 
yolk than in the control period and there 
was reversion toward lower levels after dis- 
continuance of the feeding. However, an 
analysis of variance should have been ap- 
plied in evaluation of the data. 

In a similar experiment 8 subjects were 
followed during a period of daily intake of a 
smaller quantity of egg yolk powder, 100 g. 
Again the concentration of cholesterol in 
serum cholesterol was found to increase in 
each subject with a mean increase in the 
group of 23.5 mg. per 100 ml. or 9.5 per cent 
of the control values. 

The egg yolk powder contained 2.5 per 
cent cholesterol. Therefore, the daily dietary 
intake provided 2.5 and 3.7 g. cholesterol 
when 100 and 150 g., respectively, of the 
powder were ingested. This would seem to 
be a relatively small dietary supplement. It 
is suggested, therefore, that egg yolk powder 
was effective in producing an increase in 
serum cholesterol because it contains an as 
yet unidentified substance which alters the 
absorption or disposition of cholesterol. 

In a final experiment an attempt was made 
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to ascertain the effect of cholesterol fed in 
different forms and quantities to 5 male 
subjects, 45 to 65 years of age. In a control 
period the subjects were fed 400 ml. of milk 
daily plus a hospital diet containing 70 g. of 
fat. This was followed by the administration 
of 30 g. of crystalline cholesterol, suspended 
in the milk of the diet, daily for twenty-nine 
days. No important change in serum con- 
centration of cholesterol occurred with this 
relatively large intake of cholesterol. In a 
third experimental period the diet was 
supplemented with 200 ml. of 40 per cent 
cream daily for twenty days without pro- 
ducing a change in concentration of serum 
cholesterol. When, however, 30 g. of crystal- 
line cholesterol were added to 200 ml. of 
cream and fed daily for sixty-six days, there 
Was an increase in serum cholesterol levels 
in 4 of the 5 subjects. The greatest increase 
was 75 mg. per 100 ml. above serum values 
observed in earlier experiments. The cream 
and cholesterol feedings were discontinued 
and 150 g. of egg yolk powder were given 
daily in 400 ml. of milk for fifty days. In all 
subjects there was demonstrated an _in- 
crease in serum cholesterol exceeding that 
which occurred with the supplement of 
cream and cholesterol. The concentration of 
cholesterol in the serum of each subject 
decreased after the supplement of egg yolk 
powder was discontinued. Values reverted 


to those observed in the initial control 
period. 
These latter experiments demonstrate 


that feeding of egg yolk powder has a more 
pronounced effect in increasing serum cho- 
lesterol in man than does ingestion of much 
larger quantities of cholesterol in crystalline 
form. They confirm and add substance’ to 
results of the earlier investigations of these 
authors concerning the effect of powdered 
egg yolk on serum cholesterol. 

It has been repeatedly demonstrated that 
it is difficult to influence serum concentra- 
tions of cholesterol by feeding cholesterol. It 
is unlikely that it is the cholesterol content 
of egg yolk which accounts for its effect on 
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serum levels. Since lecithin is contained in 
fairly great quantity in egg yolk, it might be 
considered as a likely agent effective in this 
regard. However, A. Steiner and B. Do- 
manski (Proc. Soc. Exp. Biol. Med. 65, 236 
(1944)) observed that serum cholesterol de- 
creased when soybean lecithin was fed to 
human beings. The substance in egg yolk 
responsible for this effect is, therefore, not 
identified at this time. It would be of real 
interest to achieve an explanation of this 


REVIEWS 


343 


effect. Although relationships between ele- 
vated serum cholesterol and the occurrence 
or progression of arteriosclerosis in man 
are poorly understood (Nutrition Reviews 8, 
176 (1950)), it is of interest that an agent in 
the diet is effective in increasing concentra- 
tions of serum cholesterol. It is wholly 
possible that isolation and identification of 
the active substance might provide an im- 
portant new tool in the study of arterio- 
sclerosis. 


SYNTHESIS OF POLYSACCHARIDES WITHOUT INTERVENTION OF 
PHOSPHATES 


In the course of studies on enzymatic 
adaptation, J. Monod and his collaborators 
came to pay special attention to the enzyme 
present in Escherichia coli which is responsi- 
ble for disappearance of maltose. They have 
recently studied the remarkable properties 
of this enzyme (Monod and A.-M. Torriani, 
Ann. Inst. Pasteur 78, 65 (1950)). 

The strain used was the maltose-positive, 
lactose-positive variety of the maltose- 
lactose strain of E. coli (J. Monod and A. 
Audureau, Ann. Inst. Pasteur 72, 868 
(1946)). The medium utilized was liquid, 
made of distilled water and six mineral salts, 
to which was added, after sterilization, a 
sterile, concentrated solution of maltose. 
The enzyme studied, amylomaltase, acts on 
maltose to give glucose and a polysaccharide. 
The glucose thus formed was measured by 
the use of the specific glucose oxidase of 
Penicillium notatum (D. Keilin and E. F. 
Hartree, Biochem. J. 42, 230 (1948)). 

It was found that, in the presence of these 
two enzymes, no reducing sugar is present 
at the end of the reaction. Addition of a few 
drops of iodine at various stages of the re- 
action gives an orange tint at 60 per cent 
completion, red at 80 per cent, and violet or 
blue at completion. A starch-like polysac- 
charide is therefore synthesized. 

This polysaccharide has been isolated for 


study, and can be titrated by use of the 
glucose oxidase after sulfuric acid hydrolysis. 
That phosphate radicals are not involved 
in the reactions is apparent from the follow- 
ing observations: (1) the reaction is not 
accompanied by any esterification of the 
mineral phosphate present in the medium; 
(2) there is no detectable glucose-l-phos- 
phate present during the reaction; (3) 
glucose-l-phosphate, even in the presence of 
small amounts of maltose to start the reac- 
tion, is not transformed into polysaccharide 
by amylomaltase; (4) dialyzed prepara- 
tions, containing no detectable mineral 
phosphate, react just as well whether phos- 
phate is or is not added to the medium. 

The enzyme can also degrade the polysac- 
charide to maltose in the absence of phos- 
phate, but glucose must be present. 

It may be recalled that in 1945 C. F. Cori 
(Fed. Proc. 4, 226 (1945)) wrote: ‘“‘A suffi- 
cient number of cases has been tested to 
expect that wherever polysaccharides be- 
longing to the starch and glycogen type are 
found, glucose-l-phosphate will be the sub- 
strate from which they are formed.”’ 

Without decreasing, in any degree, the 
importance of Cori’s results it now may be 
necessary to revise our concepts on the uni- 
versality of phosphate groups in the re- 
versible synthesis of polysaccharides. 
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Attention has been drawn to previous 
philosophic reviews by H. H. Neumann 
(Nutrition Reviews 6, 32 (1948)) concerning 
a possible relationship of the degree of 
masticatory function to the incidence of 
tooth decay. From his studies of tie litera- 
ture, this author has postulated that under- 
function of the teeth, Jaws, and masticatory 
muscles may result in atrophic teeth which 
are highly susceptible to tooth decay and 
that the provision of adequate chewing may 
make the teeth relatively resistant to bac- 
terial invasion. This viewpoint has only been 
infrequently mentioned in the history of 
dental investigation. While the data around 
which Neumann’s hypothesis has been 
formulated are weak and inconclusive, the 
idea itself merits thorough, scientific explora- 
tion. 

In a later article, H. H. Neumann (Brit. 
Dent. J. 88, 58 (1950)) discussed the inci- 
dence of tooth decay in European children 
during World War II in terms of a possible 
relationship to the reduction in sugar con- 
sumption and also to the increase in dental 
function occasioned by the changed texture 
of the diet, in particular, the increased 
coarseness and toughness of the bread. A 
table in this paper contained a comparison 
of the caries decrease, the sugar reduction, 
and the changes in bread texture. The caries 
listed Denmark, Sweden, 
Norway, and Finland were 7, 17, 78, and 80 
per cent, respectively. The reductions in 
sugar consumption were given as 62, 50, 60, 
and 76 per cent, respectively, for the four 


decreases for 


countries. The changes in bread texture were 
listed as none or slight for Denmark, slight 
for Sweden, considerable for both Norway 
and Finland. From these data, Neumann 
concluded that ‘‘the degree of function of 
the teeth, seems generally correlated to the 
fall or rise in the dental caries rate.’’? Prior 
to presentation of the table, Neumann drew 
attention to and deplored the fact that 
“the various studies of changes in caries 
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incidence during the war differ in their 
methods, also in various localities within one 
country and an attempt at precision would 
be out of place.’’ However, despite this word 
of caution, Neumann apparently, in his 
presentation of the data concerning a caries 
decrease, neglected to consider these differ- 
ences in mode of determining and tabulating 
dental caries data. The following examples 
indicate all too clearly the lack of compara- 
bility of the caries figures which he used for 
the four countries. 

For Denmark, Neumann used a figure of 
7 per cent as representative of the decrease 
in caries rate. This was based on the reduc- 
tion in the number of pre-schoolchildren 
with decayed, missing, and filled (DMF) 
deciduous teeth. The 17 per cent figure for 
Sweden represented the reduction in new 
carious developed in permanent 
teeth of 7-year-old children during the year 
between examinations. The 78 per cent value 
for Norway referred to the reduction in the 
number of DMF permanent teeth per child, 
6 to 7 years of age. In Finland, the 80 per 
cent figure was limited to the decrease in the 
percentage of carious first, permanent maxil- 
lary molars of 6-year-old children. Obviously, 
not a single pair of these four values should 
have been compared. Data which vary so 


lesions 


greatly in their mode of expression are in no 
way suitable for even rough comparisons. 
Actually far more comparable figures do 
exist which show that the degree of reduc- 
tion in tooth decay in Norwegian children 
was almost identical to that in Danish chil- 
dren. Furthermore, a number of surveys 
have indicated that the decrease in caries 
rate in Sweden was appreciably less than for 
either Norway or Denmark (R. F. Sognnaes, 
Am. J. Dis. Child. 75, 792 (1948)). In 
short, a situation existed which was different 
from what Neumann’s comparisons suggest. 
In another review, Neumann stated even 
more bluntly that “the caries rate in the six- 
year-olds dropped by 70 to 80 per cent in 























Norway and Finland, and by 7 to 17 per cent 
in Denmark and Sweden, as measured with 
comparable methods” (Dent. Survey 26, 504 
(1950)). 

In an experiment to test this postulate 
with laboratory animals, H. H. Neumann 
and N. A. Di Salvo (Dent. Items of Interest 
71, 919 (1949)) fed 20 young adult rats a 
diet of whole milk supplemented by the 
daily requirements of vitamins A, C, D, the 
B-complex, and iron. The 10 rats in the con- 
trol group were housed in individual cages 
littered with wood shavings and were offered 
pieces of non-nourishable, hard substances, 
such as shoe leather and wood. Frequent 
inspection and replacement of these objects 
indicated that they had been chewed upon. 

The 10 rats in the experimental group were 
housed in the same type of cage without 
access to wood shavings or other objects to 
chew upon. The rats were killed after six, 
seven, and eight weeks on experiment. The 
molar teeth were removed and freed of soft 
tissue. The densities of the intact teeth were 
determined by the flotation method in a 
series of solutions made by mixing bromo- 
benzene and bromoform. From these meas- 
urements it was concluded that the average 
density of the molar teeth of the control rats 
which had had the opportunity to chew 
heavily throughout the experiment was 
slightly greater than the average~ density 
of the molar teeth of the experimental rats. 
This difference was more pronounced after 
eight weeks than after six or seven weeks on 
experiment. No growth data were collected 
throughout the study as a potential means 
of comparing the general health of the two 
groups of rats. 

In a second experiment, N. A. Di Salvo 
and H. H. Neumann (/. Dent. Res. 29, 101 
(1950)) used 10 rhesus monkeys as subjects 
and fed them a diet consisting mainly of 
leafy vegetables, potatoes, bread, bananas, 
and oranges. Five of the monkeys received 
their diets in an overcooked form of a semi- 
liquid consistency so that little mastication 
was required. The other 5 received their 
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foods raw whenever possible and, in addi- 
tion, were given wheat kernels and stalks of 
sugar cane to increase their need for mastica- 
tion. One of the experimental monkeys died 
of an acute infection after the first experi- 
mental week. The first permanent molars 
were extracted at autopsy and kept in 
distilled water. The four first permanent 
molars of each of the remaining monkeys 
were extracted at the end of eight weeks. 
After the teeth of all 10 monkeys had been 
freed of adherent soft tissue, they were 
allowed to remain at room temperature for 
twelve hours to obtain a “‘relatively constant 
moist weight.” Then the teeth were dried to 
constant weight at 100°C. The average loss 
in weight for the 16 molars from the 4 
monkeys in the group which lived for eight 
weeks on the soft diet was 9.05 per cent; the 
average loss in weight for the 20 molars 
from the 5 monkeys which had to chew 
vigorously was 8.17 per cent. The values for 
the monkey which died prematurely were 
not included in the average. No data were 
presented to indicate the rates of growth, 
blood analyses, maintenance of hair coat, 
or gingival condition of the two groups of 
animals. Any one of these would have offered 
a valuable index of the general health of the 
animals in the two groups. The appreciable 
supplements which the monkeys with high 
masticatory activity received may have 
made a valuable contribution to the nutri- 
tional value of the diet. 

In an earlier experiment, C. D. Crowell, 
H. C. Hodge, and W. R. Line (J. Dent. Res. 
14, 251 (1934)) demonstrated that tooth 
slabs containing varied amounts of enamel, 
dentin, and cementum from carious teeth 
had a slightly lower inorganic residue than 
similar slabs from sound teeth. However, 
this study can in no way be compared with 
the present data from either the rat or the 
monkey experiments conducted by Neumann 
and Di Salvo where intact teeth consisting 
of the dense tissues, enamel, dentin, cemen- 
tum, and the soft, light pulp were used. 
Thus, the determination of the specific 
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gravity and of the water content of intact 
teeth made by the latter investigators was 
nothing more valuable than an expression 
of the composite values for an unknown 
ratio of these four tissues. In teeth where 
there had been a high rate of secondary 
dentin formation, the resulting pulp chamber 
would be small; these circumstances would 
automatically cause an increased specific 
gravity and a reduced water content of such 
teeth without any alteration in the physical 
characteristics or the composition of the 
individual dental tissues. Under normal 
metabolic conditions, the wearing down 
(attrition) of the occlusal surfaces of the 
teeth stimulates secondary dentin formation 
so that the thickness of the crown is not 
appreciably altered. On the basis of present 
knowledge, it would seem likely that the 
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findings of these investigators, if significant 
for such small groups of animals, indicated 
only that this recognized process occurred 
somewhat faster in rats and monkeys which 
masticated more energetically than in their 
controls on the soft diet. Certainly their 
data do not signify the least change in 
individual components of the teeth. 

Until such time as controlled experiments 
are conducted in which the degree of masti- 
vation is varied and in which the physical 
characteristics and the composition of the 
individual tissues, enamel, dentin, cemen- 
tum, and pulp are carefully determined, 
knowledge of the relation of mastication to 
the maintenance of dental structures and to 
the susceptibility of teeth to tooth decay is 
negligible. 


LIPOTROPIC EFFECT OF LIVER EXTRACT IN LIVER INJURY IN RATS 


There is an abundance of experimental 
evidence indicating that choline and me- 
thionine are active lipotropic agents. Such 
evidence is lacking in studies on human be- 
ings (Nutrition Reviews 6, 298 (1948)). 

V. A. Drill and C. A. Hall (Am. J. Med. 
Sci. 219, 197 (1950)) reported the effect of 
five dietary supplements used in preventing 
hepatic parenchymal lesions induced in rats 
by three types of basic diet, namely, a high 
_ fat diet, a low protein diet, and a low pro- 
tein, low caloric diet. The following supple- 
ments were choline chloride 
administered subcutaneously in doses of 40 
mg. per day; pL-methionine was adminis- 
tered subcutaneously in doses of 40 mg. per 
day; 1 ml. of crude liver extract (1 U.S.P. 
unit per milliliter) was administered sub- 
cutaneously three times a week; 0.25 g. of 
brewers’ yeast was administered daily with 
the diet; and 0.5 g. of ventriculin was ad- 
ministered daily mixed with the diet. The 
effects of these materials were controlled by 
daily measurements of food intake in order 
to rule out the effects of the supplements on 
appetite and intake of protein. Supplements 


used: was 


of casein were added to the basic diet further 
to control changes in the intake of protein. 

Male rats of the Sprague-Dawley strain, 
weighing between 140 and 170 g. were used 
in the study. The rats were divided into 
three main groups according to the type of 
basic diet that was used. Each main group 
was further divided into subgroups accord- 
ing to the type of supplement that was ad- 
ministered. The effectiveness of the supple- 
ments in preventing induced injury of the 
liver was determined by histologic examina- 
tion and by quantitative analysis for the 
total lipids in the liver. 

Specimens of the liver were removed on 
two occasions from the group of rats fed the 
high fat diet. On each occasion, specimens 
were removed from 5 rats in each subgroup. 
The initial biopsy was performed after the 
diet had been administered for from eighty- 
five to ninety days. Histologic evidence of 
hepatic injury was found in all of the rats 
except those that had received liver extract 
or choline in addition to the basic high fat 
diet. Methionine, casein, and brewers’ yeast 
furnished only partial protection against the 
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development of fatty changes in the liver. 
The fatty changes were most pronounced 
about the central vein. It was interesting to 
note that ventriculin failed to prevent in- 
filtration of fat into the liver. In the rats 
that received ventriculin, the parenchymal 
changes in the liver were as marked as they 
were in rats that received the basic diet 
without any supplement. 

The second specimen was removed for 
biopsy after the diet had been administered 
for from one hundred and fifty-five to one 
hundred and sixty-five days. On this occa- 
sion, histologic examination disclosed fatty 
changes that were similar to those that had 
been observed previously. In addition, there 
was some fibrosis in the livers of the animals 
in which the previous biopsy had disclosed 
marked fatty changes. 

All of the animals that received the high 
fat diet were killed after the study had been 
continued for from one hundred and ninety 
to two hundred days. Necropsy did not dis- 
close evidence of necrosis of the liver in any 
of the rats. There was a rather close rela- 
tionship between the extent of the fatty 
changes and the value for the total liver 
lipids. Choline and liver extract furnished 
complete protection against development of 
necrosis and fatty changes in the liver; 
brewers’ yeast, casein, and methionine 
furnished only partial protection; dnd ven- 
triculin did not furnish any protection. 

The rats that received a basic low protein 
diet were divided into two groups and were 
killed one hundred and fifty and two hun- 
dred days, respectively, after administration 
of the diet was started. The postmortem 
findings were essentially the same in both 
groups of rats. The main histologic change in 
the rats that were fed the basic low protein 
diet without any dietary supplements was 
the presence of large fat droplets which al- 
most filled the liver cells, just asit was in the 
rats that received a high fat diet without 
any supplements. The supplements that 
furnished protection against development of 
fatty changes in the liver were the same as 
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those that were effective in the rats which 
received a high fat diet. The only difference 
was that brewers’ yeast was more effective 
in the rats that received a low protein diet 
than it was in the rats that received a high 
fat diet. 

In the rats that received a low protein, 
low caloric diet without any supplements, 
fatty changes developed in the liver although 
the daily ingestion of food was restricted to 
8 g. In the rats that received the low protein, 
low caloric diet, methionine furnished poor 
protection against the development of fatty 
changes in the liver, while brewers’ yeast 
and liver extract furnished the best protec- 
tion. The restricted intake of food produced 
an initial decrease in the weight of all rats 
in this group. The supplements produced 
some increase in weight, but this increase 
was not related to the lipotropic effect of the 
supplements. 

The choline content of the various supple- 
ments was listed in the original article. Al- 
though liver extract apparently had the 
greatest lipotropic effect, it contained less 
choline than any of the other supplements 
that were used. 

The authors concluded that crude liver 
extract was as effective as choline in com- 
pletely protecting against hepatic injury 
produced by the diets described. Brewers’ 
yeast, on the other hand, offered only partial 
protection against injury of the liver in- 
duced by the high fat diet but furnished 
nearly complete protection to animals fed 
the low protein diet. Methionine furnished 
poor protection against liver injury pro- 
duced by either of the diets listed, and ven- 
triculin did not have any lipotropic effect. 
Apparently the lipotropic effect of liver ex- 
tract is not due to a stimulation of appetite 
with a consequent increase in the intake of 
protein. Even when a supplement of 8 per 
cent casein was added to the basic diet, it 
was not as effective as liver extract. 

On the basis of experimental evidence, it 
appears that liver extract must be considered 
as an effective lipotropic agent. 
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TISSUE CALCIFICATION AND WRIST STIFFNESS IN GUINEA PIGS 


The occurrence of stiff wrist joints and 
tissue calcification in guinea pigs fed certain 
diets has been observed by many investi- 
gators (Vutrition Reviews 1, 292 (1943); 5, 
76 (1947); 6, 106 (1948); 7, 108 (1949)). 
Although it is generally agreed that this 
disease is caused by a dietary deficiency, 
there is little or no sound evidence as to the 
identity of the missing factor. 

Recently, workers at the University of 
Missouri have suggested that the mineral 
composition of the diet may be implicated 
in the wrist stiffness-tissue calcification 
syndrome (A. G. Hogan, W. O. Regan, and 
W. B. House, J. Nutrition 41, 203 (1950)). 
In studying the nutritional requirements of 
the guinea pig, these workers noted nutri- 
tional failure, tissue calcification, and wrist 
stiffness when they substituted a diet con- 
taining 0.9 per cent phosphorus for a diet 
containing 0.5 per cent phosphorus, both 
diets containing 0.8 per cent of calcium. 

These workers used animals which weighed 
between 150 and 175 g. and which were not 
over a week old. A typical diet consisted of 
casein, 20; sucrose, 36 (or 35); celluflour, 15; 
salts 5199, 4 (or salts 5, 5); lard, 10; and 
dried brewers’ yeast, 15 per cent. Fat- 
soluble vitamins were added at the following 
levels: vitamins A and D, 2000 and 283 
L.u., respectively, per 100 g. of diet; and 
vitamins E and K; 2.5 mg. each per 100 g. of 
diet. Vitamin C was supplied in capsules at 
the rate of 20 mg. per animal every other 
day. This diet was modified to determine 
whether the rate of growth was affected by 
the type of casein, cellulose, or other carbo- 
hydrate, or by additions of ‘‘B-vitamins”’ to 
the diet. None of these changes had any in- 
fluence upon the pertinent result, namely, 
tissue calcification, and thus were disre- 
garded and all results were reported as at- 
tributable either to salts 5199 or salts 5. 
When the diet contained salts 5199, its con- 
tents of calcium and phosphorus were 0.8 
and 0.5, respectively, whereas when the diet 


contained salts 5, its caletum and phosphorus 
contents were 0.8 and 0.9, respectively. 

The animals that consumed the diet con- 
taining salts 5 (0.9 per cent phosphorus in 
the diet) grew slowly, had a high mortality 
rate, and failed to reproduce. Specific ab- 
normal symptoms were noted after five 
months when inflammatory spots began to 
appear in the pads of the feet. These spots, 
although suggestive of focal infection, proved 
upon chemical analysis to be minute de- 
posits of mineral, made up chiefly or entirely 
of calcium phosphate. These deposits were 
observed to form in almost any portion of 
the body: on the top or side of the toes, on 
the elbows, ribs, or on the spinal column. If 
they occurred near a bone, they were ob- 
served to become attached as a bony out- 
growth. They were also observed between 
muscle layers and large collections were 
found on the stomach and the duodeno- 
jejunal flexure. 

A total of 32 animals received the diet 
containing salts 5 (0.9 per cent phosphorus 
in the diet) and of this number 28, or 87.5 
per cent, developed mineral deposits within 
a period of 150 to 623 days. In contrast only 
3 out of 37 animals receiving the diet con- 
taining salts 5199 (0.5 per cent phosphorus 
in the diet) developed mineral deposits at 
the ages of 411, 412, and 479 days. On the 
former diet, a mortality rate of 63 per cent 
was observed, contrasted to a mortality rate 
of 29 per cent on the latter diet during the 
first 450 days of the experimental period. 

The Missouri workers point out that the 
total quantity of phosphorus in the diet may 
not be as important as the ratio of calcium 
to phosphorus in the prevention of the tissue 
calcification syndrome. This was evident 
from their observation that their regular 
guinea pig colony diet, which was protective 
against tissue calcification, contained ap- 
proximately the same amount of phosphorus 
as the experimental diet with salts 5. The 
colony diet, however, contained about 50 
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per cent more calcium. They therefore con- 
sider that the ratio of calcium to phosphorus 
may be of decisive importance, though an 
organic factor may also be involved. 

Limited evidence was obtained to indi- 
cate that the tissue calcification process is 
reversible. One female guinea pig that had 
large deposits and was in poor physical 
condition recovered after ninety days on the 
regular colony diet. 

Wrist soreness and wrist stiffness invari- 
ably preceded the appearance of visible 
‘alcium phosphate deposits in the tissues of 
the affected animals. The disease was ob- 
served to manifest itself in three stages as 
follows: (1) pain in the wrist when manipu- 
lated; (2) stiffness in the wrist or elbow; and 
(3) visible or palpable deposits of calcium 
phosphate. From the data it appeared to 
these investigators that all three symp- 
toms indicated varying degrees of severity of 
the same disease but it was admitted that 
experimental evidence of the identity of the 
wrist-stiffness syndrome and tissue calcifica- 
tion was lacking. In this connection it should 
be mentioned that others have questioned 
the identity of tissue calcification and the 
wrist-stiffness syndrome in guinea pigs. 

H. G. Petering, L. Stubberfield, and R. A. 
Delor (Arch. Biochem. 18, 487 (1948)) did 
not observe tissue calcification at all even 
though severe wrist stiffness was moted. S. 
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E. Smith, M. A. Williams, A. C. Bauer, and 
L. A. Maynard (J. Nutrition 38, 87 (1949)) 
could find no correlation between the degree 
of tissue calcification and the degree of 
wrist stiffness. 

On the basis of biochemical findings, W. 
Dasler and C. D. Bauer (Proc. Soc. Exp. 
Biol. Med. 70, 134 (1949)) questioned the 
similarity between the wrist stiffness pro- 
duced in guinea pigs with solid diets and the 
condition produced with skim milk diets as 
described by R. Wulzen and A. M. Bahrs at 
Oregon State (Am. J. Physiol. 133, P500 
(1941)). The Oregon workers had reported a 
marked decrease in the easily hydrolyzable 
phosphorus of the liver in guinea pigs suffer- 
ing with wrist stiffness (Nutrition Reviews 5, 
76 (1947)) but Dasler and Bauer found no 
correlation between the wrist stiffness pro- 
duced on solid diets and the easily hydro- 
lyzable phosphorus of the liver. 

The observations of the Missouri workers 
nevertheless are important in that they 
again emphasize that there is a relationship 


between the wrist stiffness syndrome and 


phosphorus metabolism in guinea pigs. 
Further studies of this type, extended to in- 
clude data on the phosphorus content of 
various organs and tissues, should serve to 
clarify much of the present confusion con- 
cerning the relationship of phosphorus to the 
wrist-stiffness syndrome. 


FAT ABSORPTION IN THE PREMATURE INFANT 


Clinical experiences in feeding of prema- 
ture infants have dictated use of a diet low 
in fat content. G. F. Powers (Pediatrics 1, 
145 (1948)) suggested the use of a cow’s 
milk mixture which is lower in fat and higher 
in protein and carbohydrate content than 
human milk. In his experience the gain in 
body weight of premature infants given this 
type of feeding has exceeded that of others 
fed human milk. It is pointed out that 50 
per cent of the calories of human milk are 
derived from fat, whereas the diet which 
seems best to meet the needs of the pre- 


mature infant provides a greater proportion 
of calories from carbohydrate and protein. 
Such a diet might contain only 15 to 20 per 
cent of its caloric content in fat, and would 
include about 2 per cent fat. H. H. Gordon 
and S. Z. Levine (/. Pediatrics 26, 
(1944)) recommend a similar diet for prema- 
ture infants. Although not all of the fat in 
the feces can be assumed to be unabsorbed 
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dietary fat, there is a definite quantitative 
relationship between ingested fat and that 
contained in feces (Nutrition Reviews 6, 56 
(1948)). By such measure it has been shown 
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that the premature infant may absorb as 
little as 50 per cent of fat ingested while the 
normal full-term infant absorbs from 85 to 
95 per cent (Gordon and H. MeNamara, 
Am. J. Dis. Child. 62, 328 (1941)). 

S. Morales and co-workers (Pediatrics 6, 
86 (1950)) report experiments which have 
determined fat retention in premature in- 
fants administered diets with varying con- 
tent of fat. Experimental subjects were 8 
premature infants, 11 to 28 days of age and 
weighing from 1.3 to 1.8 kg. Fat retention 
was determined as difference between fat 
ingested and that appearing in the feces 
during a four-day period. Each infant was 
fed a low fat diet containing 2 per cent fat 
during a first and third experimental period. 
In the second balance period the fat con- 
tent of the diet was increased to 6 or 8 per 
cent. Formulas were prepared from butter- 
fat, skimmed milk, corn syrup, and water, 
and they provided approximately 120 calo- 
ries per kilogram of body weight. One milli- 
liter of a fish liver oil concentrate was 
homogenized in each quart of milk used for 
preparation of the formulas. 

Marked impairment in fat retention was 
demonstrated in most of the infants. Aver- 
age retention during the two periods of low 
fat intake was 65.7 per cent and 63.7 per 
cent. One infant retained but 46 and 39 per 
cent of ingested fat during the two periods. 
However, 2 of the 8 premature infants 
seemed to have little if any impairment in 
fat absorption, retaining more than 80 per 
cent of the fat in the diet. 

When the high fat diet was administered 
to these infants, the average daily intake 
was increased from 4.1 to 13.0 g. fat. Con- 
currently the daily excretion of fat in the 
feces increased from 1.4 to 3.8 g. However, 
the percentage of fat retained remained at 
very nearly the same level as during periods 
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of low fat consumption and the average re- 
tention for these infants increased from 2.4 
to 9.2 g. fat per day. The authors demon- 
strate a straight-line relationship between 
fat intake and fat retention in this group of 
premature infants. 

Morales and his associates record data 
derived from these infants which indicate 
that absorption of vitamin A paralleled the 
level of intake of the vitamin, regardless of 
the fat content of the diet. Absorption of the 
vitamin was determined as the difference 
between that in the diet and in the feces dur- 
ing the balance period. In this regard it must 
be recalled that the vitamin A was provided 
homogenized in milk of the formula. 

Clinical observations seem to indicate 
that the high level of fat intake was well 
tolerated in these premature infants: an- 
orexia, diarrhea, and vomiting did not occur. 

It is not recommended that formulas for 
premature infants be made up to contain as 
much as 6 to 8 per cent fat. However, it has 
been demonstrated that the premature in- 
fant will tolerate a larger intake of fat than 
is commonly given, despite defects in fat 
absorption. Since it is of some importance 
to maintain the volume and weight of feed- 
ings at a minimum for the premature infant, 
the use of larger quantities of fat in the diet 
would permit higher caloric value for the 
diet without adding to its bulk. With these 
considerations the current practice of fat 
restriction in premature infants is deemed 
unnecessary and perhaps undesirable. How- 
ever, the observations of Morales and his 
associates should be extended to larger 
groups of premature infants studied clini- 
cally and metabolically for longer periods of 
time. The data at hand are of interest, but 
they are hardly sufficient to vindicate criti- 
cism and drastic revision of established 
modes of feeding of premature infants. 
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Letter to the Editor 


Dear Sir: 

W. H. Sebrell (Nutrition Reviews 8, 129 
(1950)) stated that the ‘‘naturally healthy 
Kanawha River Valley of West Virginia’”’ 
was converted into “a goitrous area” by 
substitution of ‘‘a sparkling white salt’’ for 
the locally-produced ‘‘crude coarse salt with 
brown particles.”’ The statement is based on 
the report of O. P. Kimball (Am. J. Pub. 
Health 18, 587 (1928)). 

The ‘“‘brown particles” are evidently sup- 
posed to be indicative of the presence of 
iodine but there is no evidence that this ele- 
ment was actually present. The only avail- 
able analysis, which is of the brine from the 
only well open in 1909, showed this to con- 
tain one part of sodium iodide per 61,400 
parts of sodium chloride. Even if this ratio 
had been maintained in the crystallized 
salt, which is impossible, it would still be 
only one-sixth of the amount that is now 
proposed to be required. 

If the locally-produced salt had contained 
a significant amount of iodine, it would have 
been almost unique. McClendon mentioned 
only two such salts and expressly stated that 
even ‘‘sea salt may not be considered an 
adequate source of iodine.”’ - 

Kimball claimed that, between 1900 and 
1925, ‘‘the only change in food or water was 
in the table salt.’”’ However, these years wit- 
nessed great changes in the foods consumed 
in the United States (‘‘Consumption of Food 
in the United States, 1909-48,” U.S. D. A. 
Misc. Pub. 691) and it is reasonable to as- 
sume that the Kanawha Valley participated 
in these changes. 

In a letter dated July 16, 1850, from 
“among the upper waters of the Kanawha,” 
Drake wrote: ‘“‘Cases are scattered here and 





there. I think that they are not more nu- 
merous in proportion to the population, than 
in the Valleys of the Scioto and Cuyahoga.”’ 

At that time, and for the preceding fifty 
years, goiter was endemic in many parts of 
eastern United States. In and around what 
is now West Virginia, it was reported on the 
Ohio River a short distance below Marietta, 
in Pittsburgh, along the Monongahela River 
at Morgantown, and along the Cheat River. 

In 1893, Osler found that goiter was no 
longer present in many places from which it 
had previously been reported as endemic. 

The early years of this century witnessed 
renewed activity. This sequence of severity, 
quiescence, and recurrence was excellently 
illustrated at Edmonton, Alberta. There, 
too, an “older physician”? denied that the 
disease was present before 1900, although 
there is indisputable evidence that large 
goiters and cretins were common in 1820 
and that many young girls had goiters as 
late as 1863. 

Space does not permit a listing of au- 
thorities for the statements made above nor 
a discussion of other subjects mentioned in 
Dr. Sebrell’s paper. Both will be found in 
other publications: (Bull. Hist. Med. 17, 229 
(1945); 23, 155 (1949); “Progress in Clinical 
Endocrinology,” p. 27, Grune and Stratton, 
New York (1950); Science 111, 501 (1950); 
Fed. Proc. 8, 384 (1949); 9, 361 (1950)). 

From the last-named, I quote: ‘‘Presum- 
ably, iodine is a dietary essential but there 
is no accurate information regarding the 
amounts needed for maintenance nor the 
effects of withdrawal.” 

Istpor GREENWALD 

Department of Chemistry 

New York University College 
of Medicine 
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Nutrition Studies with the Rice Diet 


W. Kempner has reported that nitrogen 
equilibrium is maintained in patients on the 
“rice diet”? (Nutrition Reviews 6, 293 (1948)) 
with a nitrogen intake of 3.2 g. per day 
(North Carolina Med. J. 6,61, 117 (1945); 
Bull. N. Y. Acad. Med. 22, 358 (1946)). 
This intake is less than the minimal intake 
of 4.8 g. per day reported by D. M. Heg- 
sted, A. G. Tsongas, D. B. Abbott, and F. J. 
Stare (J. Lab. Clin. Med. 31, 261 (1946)) 
and M. Bricker, H. H. Mitchell, and G. M. 
Kinsman (J. Nutrition 30, 269 (1945)) to be 
necessary for maintaining nitrogen equi- 
librium in the average adult. 

W. B. Schwartz and J. K. Merlis (J. 
Clin. Invest. 27, 406 (1948)), investigating 
nitrogen balance in 7 patients on the “‘rice 
diet,’ observed a negative nitrogen balance 
of 1.92 to 4.76 g. per day. Similar results 
have been reported by H. Currens et al. 
(Ibid. 28, 776 (1949)). 

More recently E. Peschel and R. L. 
Peschel (J. Clin. Invest. 29, 455 (1950)) 


have reported nitrogen balances in 11 hyper- 
tensive patients maintained from fifteen to 
two hundred and twenty days on the “rice 


diet.’’ With one exception these studies were 
conducted with outpatients. The authors be- 
lieve that suitable precautions were used to 
insure the validity of the balances. Each 
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study was extended over a four-day period. 
The data indicate that with an average in- 
take of 4.37 g. per day, nitrogen balance 
Was maintained in 6 of the 11 patients. Aver- 
age nitrogen balance was +0.25 g. per day 
with a range from —0.78 to +1.48 g. per 
day. The disparity between the results of 
these workers and other observers may lie 
in the level of nitrogen intake. 

Schwartz and Merlis provided a diet very 
similar to that described by Kempner and 
found by analysis to contain 2.63 g. of 
nitrogen per day. Peschel and Peschel, on 
the other hand, have used a diet providing 
an average of 4.37 g. of nitrogen per day, a 
nitrogen intake within the range found by 
Hegsted et al. and Bricker et al. to be suffi- 
cient for maintaining balance, and a level 
about one-third higher than that reported by 
Kkempner. 

It would appear therefore that “‘rice diet” 
patients on this increased intake of nitrogen 
‘an in most instances maintain nitrogen 
equilibrium but that if the intake of nitrogen 
is below the usual figure known to be re- 
quired from other protein sources, negative 
nitrogen balance occurs. Hence there are 
“rice diets and rice diets’? and when one is 
speaking of nitrogen balance one must con- 
sider the exact composition of the diet and 
the total nitrogen intake. 





